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PKEFACE 

This work is not a text-book of theoretical biology ; it is a 
systematic presentment of those biological topics which bear 
upon the true philosophy of nature. The book is written 
in a decidedly subjective manner, and it seems to me that 
this is just what "Gifford Lectures" ought to be. They 
ought never to lose, or even try to lose, their decidedly 
personal character. 

My appointment as Gifford Lecturer, the news of which 
reached me in February 1906, came just at the right 
moment in the progress of my theoretical studies. I had 
always tried to improve my previous books by adding notes 
or altering the arrangement ; I also had left a good deal 
of things unpublished, and thus I often hoped that I might 
have occasion to arrange for a new, improved, and enlarged 
edition of those books. This work then is the realisation 
of my hopes ; it is, in its way, a definitive statement of all 
that I have to say about the Organic. 

The first volume of this work, containing the lectures 
for 1907 — though the division into "lectures" has not been 
preserved — consists of Parts I. and IL of Section A, " The 
Chief Eesults of Analytical Biology." It gives in Part L a 
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shortened, revised, and, as T hope, improved account of what 
was published iu iny Anulyii^he Thcmie d^r or^anischtn 
BtUitnckelungf (1894), £He LomlimHon morplnigcndiscfier 
Vorgangt ; tin Beiims Viialidischt7i Geschehens (1899), and 
I>i£ or^^aniscJien Begiflalwrnm (1901), though for the pro- 
fessed biologist the two last-named books are by no means 
superseded by the new work. Part IL has never been 
published in any systematic form before, though there are 
many remarks on Systemalics, Darwinism, etc* in my 
previous papers. 

The second volume — to be published in the autumn, 
after the delivery of the 1908 leetures^ — will begin with 
the third and concluding part of the scientiiie section, which 
IB a veiy carefully revised and rearranged second edition of 
my book, Die '*Sfde" als eiernmiarer Natur/mtor (1903). 
The greater part of this volume, however, will be devoted 
to the " Philosophy of the Organism," ie. Section B, which, in 
my opinion, includes the most important parts of the work* 

Some apology is needed for my presuming to write in 
English. 1 was led to do so by the conviction, mistaken 
perhaps, that the process of translation would rob the 
lectures of that individual and personal character which, as 
I said before, seems to me so much to be desired. I wished 
nothing to come between me and my audience. 1 accord- 
ingly wrote my manuscript in English, and then submitted 
it to linguistic revision by such skilled aid as I was able to 
procure at Heidelberg. My reviser tells me that if the 
result of his labours leaves much to be desired, it is not to 
be wonder^ at, but that, being neither a biologist nor a 
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phOosopheTi he has done his best to make me presentable 
to the Euglish reader. If he has failed in his troublesome 
taak, 1 know that it is not for want of care and attention, 
and I desire here to record my sense of indebtedness to him. 
He wishes to remain anonymous, but I am permitted to say 
thatj though resident in a foreign university, he is of 
Scottish name and English birth. 

My gratitude to my friends at Aberdeen, in particular 
to Profeasor and Mrs. J. A. Thomaon, for their hospitality 
and great kindness towards me cannot be expressed here ; 
they all know that they succeeded in making me feel quite 
at home m%h them. 

I am very much obliged to my publishers, Messrs, 
A* and C\ Black, for their readiness to fulfil all my wishes 
with respect to publication. 

The lectures contained in this book were written in 

English by a German and delivered at a Scottish university* 

Almost all of the ideas discussed in it were first conceived 

during the author's long residence in Southern Italy. Thus 

this book may be witness to the truth which, I hope, will 

be universally recognised in the near future — that all 

culture, moral and intellectual and aesthetic^ is not limited 

by the bounds of nationality. 

HANS DBIESCH. 



Hmdelbzro, 2nd Januury 1906, 
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THE PROGRAMME 

On Lord Gifford's Conception of "Science" 

This is the first time that a biologist has occupied this 
place ; the first time that a biologist is to try to cany out the 
intentions of the noble and high-minded man to whom this 
lectureship owes its foundation. 

On such an occasion it seems to be not undesirable to 
inquire what Lord Gifford's own opinions about natural 
science may have been, what place in the whole scheme of 
human knowledge he may have attributed to those branches 
of it which have become almost the centre of men's 
intellectual interest. 

And, indeed, on studying Lord Giffbrd's bequest with 
the object of finding in it some reference to the natural 
sciences, one easily notes that he has assigned to them a 
very high place compared with the other sciences, at least 
in one respect : with regard to their methods. 

There is a highly interesting passage in his will which 
leaves no doubt about our question. After having formally 
declared the foundation of this lectureship " for Promoting, 
Advancing, TeachiDg and Diffusing the study of Natural 
Theology in the widest sense of that term," and after 
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mi 
of spedml time and of 
w pmit t itpmm, mmh trallii « a;e " ideas *" m the memm of 
fUt^f m4 mmk «ltffBal raittlci, iodaed, alw&jg ^and in 
44mm illiirf<B>ii t9 Am ultilMte remits of human knowledge 
lil 0mtml hut hmdm that there is etUl another feature 
0lMk m&f im crjfiuaoQ both to *" natural theology " and Co 
III* ffMrkl Mimml tciencai, aod which is most fully developed 
in Vtm kiter ! fr«edoiii froin preposeeasions. This, at least, 
li M MmI of all natural sciences; I may say it is f/ie 
t^lmil fjf tliKfij. lliat it was this feature which Lord GiSbid 
\m\ III vl«w in hiJi comparison becomes clear when we read 
In lilt will that the leettirea on natural theology are 
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to be delivered '* without reference to or reliance upon 
any supposed special exceptional or so-called miraculous 
revelation." 

So we might say that both in their logical and their 
moral methods, natural sciences are to be the prototype of 
** Natural Theology " in Lord Gitford's sense, 

Natusal Sciences akd " Natural Theology" 

But now let us study in a more systematic manner the 
possible relations of the natural sciences to nataral theology 
as a science. 

How is it possible for a natural scientist to contribute 
to the science of the highest and ultimate subject of human 
knowledge ? 

Almost all natural sciences have a sort of naivet<? in 
their own spheres ; they all stand on the gi*ound of what 
has been called a naive realism, as long as they are, so 
to say, at home. That in no way prejodiues their own 
progress, but it seems to stand in the way of establishing 
contact with any higher form of human knowledge than 
themselves* One may bt; a lirst-rate organic chemist even 
when looking upon the atoms as small billiard balls, and 
one may make brilliant discoveries about the behaviour of 
animals even when regarding them in the most anthropo- 
morphic manner — ^granted that one is a good observer ; 
but it can hardly be admitted that om* chemist would do 
much to advance the theory of matter, or our biologist to 
solve the problem of the relations betw^een body and mind 

It is only by the aid of philosophy, or I would rather 
say by keeping in constant touch with it, that natural 
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sciences are able to acquire any significance for what might 
be called the seieace of nature in the most simple form. 
UnhappUy the term ** natural philosophy '* is restricted in 
English to theoretical physics. This is not without a high 
degree of justification, for theoretical physics has indeed lost 
its naivete and become a philosophy of nature ; but it never- 
theless is very unfortunate that this use of the term " natural 
philosophy " is established in this country, as we now have 
no proper general term descriptive of a natural science that 
is in permanent relation to philosophy, a Batural science 
which does not use a single concept without justifying it 
epistemologically, i.e. what in German, for instance, would 
simply be called " Naturphilosophie," 

Let us call it philosophy of nature; then we may say 
that only by becoming a true philosophy of nature ar© 
natural sciences of all sorts able to contribute to the highest 
questions which man's spirit of inquiry can suggest. 

These highest questions themselves are the outcome of 
the combination of the highest results of aU branches of 
philosophy, just as our philosophy of nature originated in the 
discussion of the results of all the separate natural sciences. 
Are those highest questions not only to be asked, are they 
to be also solved ? To be solved in a way which does not 
exceed the limits of philosophy as the domain of actual 
understanding ? 

The begintiing of a long series of studies is not the right 
place to decide this important question ; and so, for the 
present certainly, *' natural theology " must remain a prob- 
lem. In other words: it must remain an open question 
at the beginning of our studies, whether after all there 
am be any final general answer, free from contiadiations^ 
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applicable to the totality of queetiooa asked bj all the 
branches of philosophy. 

But let US not be disturbed by tliis problematic entrance 
to our studies. Let us follow biology on its own path; 
let us study its transition from a *' naive " science to a real 
branch of the philosophy of nature. In this way we perhaps 
shall be able to understand what its part may be in solving 
what can be solved* 

That is to be our subject 
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Our Philosophical Basis 

We call TuUure what is given to us in space- 
Of course we are not obliged in these lectures to 
discuss the psychological and epistemological problems of 
space with its tliree dimensions, nor are we obliged to 
develop a general theory of reality and its different 
aspects. A few epistemological points will be considered 
later at proper times, and always in connection with results 
of theoretical biology. 

At present it must suffice to say that our general 
philosophical point of view will be idealistic, in the critical 
meaning of the word* The universe, and within the 
universe nature, in the sense just defined, is my 
phenomenon. That is what I know. I know nothing 
more, either positively or negatively ; that is to say, I 
do not know that the world is oid^ my phenomenon, but, 
on the other hand, I know nothing about its ''absolute 
reality/' And more, I am not even able to describe in 
intellj^ble words what " absolute reality " might mean, I 
am fully entitled to state: the universe k as truly as I 
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am — ihougb in a somewhat different seiiBe of *' being" — 
and I am as truly as the universe h; bat I am not 
entitled to state anjihing beyond these two correspondiDg 
phrases. You know that, in the history of European 
philosophy at least. Bishop Berkeley was the first dearly 
to outline the Held of idealism. 

But my phenomenon — the world, especially nature — 
consists of elements of two different kinds : some of them 
are merely passive, some of them contoin a peculiar sort 
of activity in themselves. The first are generally called 
sensations, but perhaps would be better called elements 
or presentations; the others are forms of constnictioii, and, 
indeed, there is an active element embraced in them in 
this sense, that they allow, by their free combination, the 
discovery of principles which are not to be denied, which 
must be affirmed ^ whenever their meaning is understood. 
You know that I am speaking here of what are generally 
called categories and synthetic judgments a prioH, and 
that it was Kant who, on the foundations laid by Locke, 
Hume, and Leibnitz, first gave the outlines of what may 
be called the real system of criticai philosophy. Indeed, 
our method wiU be to a great extent Kantian, though 
with certain exceptions j it is to be strictly idealistic, and 
will not in the Kantian way operate with things in 
themselves; and it regards the so-called "synthetic judg- 
ment a priori'' and the problem of the relation between 
categorical principles and experience in a somewhat 
different manner. We think it best to define the much 
disputed concept **a priori" as "independent of the afnount 
of experience " ; that is to say, all categories and categoric 
<^I principles are brought to my consciousness by that 
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fundamental event which is called experience, and therefore 
are not independent of it, but they are not inferences from 
experience, as are so-called empirical laws. We almost 
might my that we only have to be reminded of those 
principles hy experience, and, indeed, we should not, I 
think, go very far wrong in saying that the Socratic 
doctrine, that all knowledge is recollection, holds good as 
far as categories and categorical principles are in question. 

But enough at present about our general philosophy. 

As to the philosophy of nature, there can be no doubt 
that, on the basis of principles like those we have shortly 
sketched, its ultimate aim must be to co-ordinate every- 
thing in nature with terms and principles of the categorical 
style. The philosophy of nature thus becomes a system ; 
a system of which the general type is aUbrded by the 
innate constructive power of the Ego. In this sense 
the Kantian dictum remains true, that the Ego prescribes 
its own laws to nature, though^ of course, '' natnre," that 
is, what is given in space, must be such as to permit that 
sort of " prescription.'* 

One often hears that all sciences, including the science 
of sciences, philosophy, have to find otit what is true. 
What, then, may be called " true " by an idealistic 
philosopher, for whom the old realistic formula of the 
conformity between knowledge and the object cannot 
have any meaning ? Besides its ordinary application to 
simple facts or to simple judgments, where the word truth 
only means absence of illusion or no false statement, truth 
can be claimed for a philosophical doctrine or for a system 
of such doctrines only in the sense that there are no 
contradictions amongst the parts of the doctrine or of the 
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system themselves, and that there are no features in them 
which impel our categorical Ego to further analysis. 

Those of you who attended Professor Wards lectures 
on "Naturalism and Agnosticism/' or who have read hia 
excellent book on that subject, will know what the aims of 
a theory of matter are. You will also be aware that, at 
present, there does not exist any theory of matter which 
can claim to be " true " ; there are contradictions in every 
theory of matterp and, moreover, there are always some 
points where we are obliged to ask for further information 
and receive no answer* Experience here has not yet 
aroused all the categorical functions which are needed in 
order to form one unity out of what seem to be incom- 
patibilities at the present day. Why is that? Maybe 
because experience is not yet complete in this 6eld, but 
maybe also because the whole subject is so complicated 
that it takes much time to attach categorical functions to 
what is experienced. 

But it ifl not our object here to deal either with 
epistemology proper or with ontology : a full analysis of 
biological facta is our problem. Why, then, all these 
introductions ? why all these philosophical sketches in 
fields of knowledge which have quite another relation to 
philosophy than biology has? Biology, I hear some one 
say, is simply and solely an empirical science; in some 
sense it is nothing but applied physics and chemistiy, 
perhaps applied mechanics. There are no fundamental 
principles in biology whicli could bring it in any close 
contact with philosophy. Even the one and only principle 
which might seem to be an innate principle of our 
experience about life, the principle of evolution, is only a 
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combination of more simple factors of the physical and 
chemical type. 

It will be my essential endeavour to convince you^ in 
the coarse of these lectures, that such an aspect of the 
sdeiice of biology is wrong ; that biology is an elemental 
natural science in the tme sense of the word. 

But if biology ie an elemental science, then, and only 
then, it stands in close relations to epistemology and 
ontology — ^in the same relations to them, indeed, as every 
natural science does which deals with true elements of nature, 
and which is wUling to abandon naive realism and contribute 
its share to the whole of human knowledge. 

And, therefore, a philosophical sketch is not out of 
place at the beglDning of lectures on the Philosophy of 
the Organism, We may be forced, we, indeed, shall be 
forced, to remain for some time on the ground of realistic 
empiricism, for biology has to deal with very complicated 
experiences ; but there wiU be a moment in our progress 
when we shall enter the realm of the elemental ontological 
concepts, and in that very moment oui* study of life will 
have become a part of real philosophy. It was not without 
good reasons, therefore, that I shortly sketched, as a sort 
of introduction to my lectures, the general point of view* 
wliieh we shall take with regard to philosophical questions, 
and to questions of the philosophy of nature in particular. 



On Certain Csaeacteristics of Biology as a Sciknce 

Biology is the science of lifa Practically, all of you 
know what a living being is, and therefore it is not 
necessary to formulate a deHnition of life, which, at the 



cuu ui e&|j«5i-iiut?uii i uiu:| 
will be to tuiii out laws in these phenot 
. will then be further analjaed, and precise! 
Kvre shall leave the realm of natural science \i 
I Our science is the highest of all natuJ 
Pit embraces as its final object the actioos 
I in so far as actions also are phenomena obseij 

bodiee* 
■ But biology is alBO the most difficult 
BcienceSi not only from the complexity of til 
which it studies, but in particular for anotherl 
is seldom properly emphasised, and theie fore vi 
us for a few words devoted to it« ^^M 

Except so far as the "elements'' of ch 
into account, the experimenter in the inorgj 
nature is not hampered by the spocifieity 
objects : he makes all the combinations he \ 
[always able to have at his disposal red rays 
[wave length when and where he wants, or 
(given time and place, the precise amount o 
compound which he wishes to examine* £ 
electricity and electromagnetism to obey his 
ith regard to space, ti me, m 
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almost always in that strange plight in which the physicist 
would be if he always had to go to volcanoes in order to 
study the conductivity of heat, or if he had to wait for 
thunderstorms in order to study electricity. The biologist 
is dependent on the specificity of living objects as they occur 
in nature. 

A few instances may show you what great incon- 
veniences may hence arise to impede practical biological 
research. We later on shall have to deal with experiments 
on very young embryos : parts of the germ will have to be 
destroyed in order to study what will happen with the rest. 
Now almost all gernia are surrounded by a membrane ; this 
membrane has to be detached before any operation is 
p03sibl& But what are we to do if it is not possible to 
remove the membrane without killing the embryo ? Or what 
if, as for instance in many marine animals, the membrane 
may be removed but the germs are killed by contact with 
sea-water ? In both cases no experiments at all will be 
posaible on a sort of germ which otherwise, for some special 
ciicumstances of its organisation, might Imve given results 
of importance. These results become impoesible for only a 
practical, for a very secondary reason ; but enough : they 
are impossible, and they might have thrown light on 
problems which now must remain problems. Quite the 
same thing may occur in experiments on physiolog}" proper 
or functional physiology : one kind of animals survives the 
operation^ the other kind does not, and therefore, for merely 
extrinsic reasons, the investigations have to be restricted to 
the first, though the second might have given more im- 
portant results. And thus the biological experimenter 
always finds himself in a sort of dependence on his subjects, 






If a seienee is tie 
objecte in every path it tak^s^ it first, 
know all about thoae objects, and that] 
else but plain description. We now unc 
description, in the most simple sense of t^ 
auch an enormous part of every text-t 
science. It is not only morphology^ the I 
that is most actively concerned with descrii 
also, in its present state, is pure descript] 
functions of the different parts of the bodj 
plants actually are, at least for about ni 
range. It seems to nie important to press 
emphatically, since we often hear that ph; 
the very beginning a much higher sort oH 
morphology, iuasmuch as it is rational, 
all true of the beginning of physiologj" : wh, 
of the liver or of the root are has simply 
just as the organisation of the brain or of 
makes no difference logically that one specie 
has to use the experimental method, whili 
not. The experiment which only discover 
here or what happens there, possesses no 
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The theee Ditferent Types of Krowledge about Nattjke 

Katural sciences cannot originate before the given 
phenomena of nature have been investigated in at least a 
auperficial and provisional manner, by and for the practical 
needs of man. But as soon as true science begins in any 
limited field, dealing, let ns aay, witli animals or with 
minerals, or with the properties of bodies, it at once iinds 
itself confronted by two very different kinds of problems, 
both of them — like all ** problems " — created in the last 
resort by the logical organisation of the human mind, or^ to 
8peak stiU mom correctly, of the Ego, 

In any branch of knowledge which pmctical necessities 
have separated from others, and which science now tries 
to study methodically, there occur general sequences in 
phenomena^ general orders of events. This uniformity is 
reveaM only gradually, but as soon as it has shown itself, 
even in the least degree, the investigator seizes upon it. 
He now devotes himself chiefly, or even exclusively, to the 
generalities in the sequences of all changes. He is con- 
vinced that tliere must be a sort of most general and at the 
game time of most universal connection about all occurrences, 
Thifl most universal connection has to be found out ; at least 
it will be the ideal that always will accompany the inquir- 
ing mind during its researches. The " law of nature " is 
the ideal I am speaking about, an ideal which is nothing 
less than one of the postulates of the possibOity of science 
at all 

Using for our purposes a word which has been already 
introduced into terminology by the philosopher Windelband, 
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though in a somewhat different sense, we shiiU call that 
part of every branch of natural sciences which regards the 
establishment of a law of nature as its ideal, *' nomothetic," 
ie. *' laW'giviDg/* 

But while every natural science has its nomothetic side, 
it also has another half of a very different kind. This second 
half of every natural science does not care for the same 
general, the same universal, which is shown to us in every 
event in a different and specified kind ; it is diversity, it is 
siM3cifieation, that constitutes the subject of its interest. 
Its aim is to find a sufficient reason for the types of 
diversitiea, for the types of speciiications. So in chemistry 
there has been found a systematic order in the long series 
of the compoimds and of the elements ; crystallography also 
has its different systems of crystals, and so on. 

We have already employed the word by which we shall 
designate this second half of every natural science: it is 
tht ** systematic "* side of science. 

Ncmiothetic work on the one side and systematics on 

the other do, in fact, appear in every natural science^ and 

besides Uiem Un>re are no other main parts. But " science " 

n» a whole stands ajiart from another aspect of reality 

^bich is oalled " history.** History deals with particulars, 

th particular events at such and such a place, whilst 

anoe always abstracts from the partioular, even in its 
iliimaUo luilf> 



^ &«tup '* tiAiinx^thcuo " U th« «licil« of amt **wdm^m** and «al1i ll»e metliod 
kUiory * hljuff^iyoi'* W« Uiou^hl it Mlw to wHblkli time fimda- 
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General Plan of these Lectubes 



Tumiog now to a sort of short outline of what is to be 
discussed in the whole of our future lectures, this summer 
and next, it seems clear, without further analysis, that 
biology as a science has its nomothetic and its systematic 
part also; respiration and assimilation^ for instance^ have 
proved to be types of natural laws among living phenomena, 
and that there is a " system '* of animals and plants is 
too commonly known to require further explanation here. 
Therefore we might study first biological laws, and after 
that biological systematics, and in the third place perhaps 
biological history. But that would hardly correspond to 
the philosophical aims of our lectures : our chief object is 
not biology as a regular science, as treated in text-books 
and in ordinary university lectures ; our chief object is the 
Philosophy of the Organism, as aided and supported by 
scientific biology. Therefore a general acquaintance with 
biology must be assumed in these lectures^ and the biological 
materials must be arranged according to their bearing on 
further, that is on philosophical, analysis. 

That will be done, not, of course, to the extent of my 
regarding every one of my audience as a competent biologist ; 
on the contrary, I shall explain most fully all points of 
biology proper, and even of the most simple and descriptive 
kind of biology, which serve as bases for philasophical 
analysis. But I shall do so only if they indeed do serve 
as such bases, AU our biology will be not for its own 
sake, but for the sake of philosophy, 

WhUst regarding the whole of the biological material 



~to attocn all systQTnatid 

of them* For there will not be very 
to learn from biological systematica at 

Life is unknown to us except in assc 
we only know living bodies and call th 
ifl the final object of all biology to tell ua 
means to say that a body is " living/* aJ 
relatioQ body and life stand one to the ot| 

But at present it is enough to unc 
" body " and " living ** in the ordinary and 

Eegardiag living bodies in this unprl 
and recollecting what the principal char 
bodies we know as living ones, we easil; 
are three features which are never wan tin 
bodies occurs. All living bodies are spe 
they '* have " a specific form, as we are ac 
All living bodies also exhibit metabolisn] 
they stand in a relation of interchangti^ 
the surrounding medium, they take in and { 
but their form can remain unchanged durii 
And, in the last place, we can say that 
move ; though this faculty is more ( 
flmrvniy Aitlmfda onh 
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about form, about metabolism, and about movements. Itt 
ia€t» it ia aocording to this sclieme that we shall arrange 
the materials of the biological part of our lectures^ though, 
as we cannot regard the three divisions as equally impor- 
tant in their bearing on our ultimate purposes, we shall 
QOt treat them quite on equal terms. It will appear that, 
at least in the present state of science, the problems of 
organic form and of organic movement have come into 
much closer relation to philosophical analysis than have 
most of the empirical data on metabolism. 

It is fomi particularly which can be said to occupy the 
very centre of biological interest; at least it furnishes the 
foundation of all biology* Therefore we shall begin our 
scientific studies with a full and thorough analysis of form. 
The science of living forms, later on, will afford us a key to 
study metabolism proper with the greatest advantage for 
our philosophical aims, and therefore the physiology of 
what is usuaQy called the vegetative functions will he to us 
a sort of appendix to our chapters on form ; only the theory 
of a problematic " living substance *' and of assimilation in 
the most general meaning of the word will be reserved for 
the pMloBophical part ; for very good reasons, as I hope to 
show. But our chapters on the living forms will have yet 
another appendix besides the survey of the physiology of 
metabolism* Biological systematics almost wholly rests on 
form, on *' morphology '' ; and what hitherto has been done 
on the metaboMcal side of their problems, consists of a few 
fragments, which are far from being an equivalent to the 
morphological system ; though, of course it must he granted 
that, logically, systematica, in our general meaning of the 
word, as the simi of problems about the typically different 



of evoliuioji iu its different forms, and t( 
iu genemL 

So far will our programme be car: 
summer* Next year the theory of m^ 
elude our merely scientific analysis, 
part of the course next summer will 
philosophy of living nature. I hope th' 
able to accuse our philosophy of resting o^ 
tiona. But those of you, on the other h 
apt to regard our scientific chapters as 
compared with their philosophical results, 
consider that a small clock-tower of 
generally leas pretentious but more 
campanile of Sau Marco has been* 

Indeed, these lectures will afford moj 
liearers, than Gifford Lectures probably hd 
But how could that be otherwise on the pa 
Scientitic facta are the material that | 
nature has to work with, but these factaj 
not as commonly known as hiatorteal fi 
generally are; and they must be know^ 
philosophy of the orgamsrama^j^^^ 
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thmking of what might be called the ultimate or the typical 
facte in science. It is with such typical or ultimate facts, 
of couise, that we must become acquainted if our future 
philosophy is to be of profit to us* 

Certainly, there would l>e nothing to prevent us from 
arraiiging our materials in a manner exactly the reverse of 
that which we shall adopt ; we could begin with a general 
principle about the organic, and could try to deduce all its 
special features from that principle, aud such a way perhaps 
would seem to be the more fascinating method of argument. 
But though logical it would not be psychological, and 
therefore would be rather unnatural And thus our 
miosi general principle about the organic will not come on 
the scene before the eighteenth of these twenty lectures, 
although it is not a mere inference or deduction from the 
former lectures : it will be a cidmination of the whole, and 
we shall appreciate its value the better the more wc know 
what that whole really is. 



General Charactek of the Okgakic Form 

Our programme of this year, it was said, is to be 
devoted wholly to organic forms, though one of its appendixes^ 
dealing with some characteristics of the physiology of 
metabolism, will lead us on to a few other pbenumena. 
What then are the essentials of a living form, as commonly 
understood even without a special study of biology? 

Living bodies are not simple geometrical forms, not, 
like crystals, merely a typical arrangement of surfaces in 
space, to be reduced theoretically, perhaps, to an arrange- 
ment of molecules. living bodies are typically combined 
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fonos; that is to saj, they consist of simpler parts 
of difTerent characters, which have a special arrange- 
ment with regard to one another; these parts have a 
typical form of their own and may again be combina- 
tions of more simple diferent parts. But besides that» 
living bodies have not always the same ^pically com- 
bined form during the whole of their life: they become 
more complicated as they grow older; they all begin from 
one starting point, which has little form at all, viz,, the 
egg. So the living form may be called a " genetic form/* or 
a form considered as a process, and therefore marphogejiesis 
IB the proper and adequate term for the science which deals 
with the laws of organic forms in general ; or, if you prefer 
not to use the same word both for a science and for the 
subjects of that science, the physwh^j of ^norpkogerusis, 

Now there are different branches of the physiology of 
morphogenesis or physiology of form. We may study, and 
indeed we at first shall study, what are the laws of the 
morpbogenetic processes leading from the egg to the adult : 
that may be properly called physiology of development. But 
living forms are not only able to originate in one unchange- 
able way: they may restore themselves, if disturbed, and 
thus we get the physiology of restoration or restitution as a 
leoond branch of the science of morphogenesia We shall 
draw very important data, some of the foundations indeed 
of our philosophical discussions, from the study of such 
restitutiona Besides that, it is to them that our survey of the 
problems of the physiology of metabolism is to be appended* 
Living forms not only originate from the egg and are 
e to restore themselves, they also may give origin to 
nus, guaranteeing in this way the continuity of life. 
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The physiolof^r of heredity therefore appears as the counter- 
part to those branches of the physiology of form which deal 
with individual fomi and its restitutions. And our dis- 
eussioa on heredity may be followed by our second appendix 
to this chief section on form, an appendix regarding the 
outlines of systematics, evolution and liistory. 

Theoretical considerations on biology generally start, or 
at least, used to start, from the evolution theory, discussing 
all other problems of the physiology of form by the way 
only, as things of secondary importance. You see from 
our programme, that we shall go just the opposite way: 
evolution will come lost of all, and will be treated shortly ; 
but the morphogenesis of the individual will be treated 
very fully, and very carefully indeed. 

Why then this deviation from what ia the common 
practice? Because we do not know vei-y nnich about 
evolution at all, because in this field we are just at the veiy 
beginning of what deserves the name of exact knowledge- 
But concerning individual morphogeneaia we really know, 
even at present, if not very mnch^ at least something, and 
that we know in a fairly exact form, aided by the results 
of experiments. 

And it will not be without its reward, if we restrict our 
aims in such a manner, if we prefer to deal more fully with 
a series of problems, which may seem at the first glance 
to be of less interest than others. After a few lectures we 
shall find already that we may decide one very important 
question about life merely by an analysis of individual 
form production, and without any regard to problematic 
and doubtful parts of biology : that we may decide the 
question, wliether " life " is only a combination of chemical 



ou every concept of philosophy 

with the pure description of the individu 
the common sea-urchin. 
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PART I 

TEIE INDIVIDUAL ORGANISM WITH REGARD TO 
FORM AND METABOLISM 

A. ELEMENTARY MORPHOGENESIS 

EVOLUTIO AND EpIGENESIS IN THE OLD SENSE 

The organism is a specific body, built up by a typical com- 
biBatiou of specific and different parta. It is implied in 
the words of this definition, that the organiara is different, 
not only from crystals, as was mentioned in the last lecture, 
but also from all combinations of crystals, such as those 
called dendrites and others, which consist of a typical arrange- 
ment of identical units, the nature of their combination 
depending on the forees of every single one of their parts* 
For this reason dendrites, in spite of the typical features 
in their combination, must be called aggregates ; but the 
organiam is not an aggregate even from the most superficial 
poiut of view, 

We have said before, what must have been familiar to 
you already, that the organism is not always the same in 
its individual life, that it has its development, leading fi-om 
simpler to more complicated forms of combination of parts ; 
there is a " production of visible manifoldness " carried out 
during development^ to describe the chief character of that 

2^ 



It has not always been panted in 
and of embryology especially, that 
manifoldness is the chief feature ofl 
ot^anism's embryology or ontogeny: tl: 
is full of determined scientific battle 
One school, with Albert von Haller and ' 
men, maintained the view that there \v^ 
different part^ at all in development, 
mere ** evolutio," that is, a growth of pa| 
from the beginning, yes, from the ver 
whilst the other school, with C, F. Wolf 
at its head, supported the opposite do 
'* epigenesis," which has been proved to I 

To some extent these differences of 
the outcome of the mther imperfect st 
instruments of tliat period* But there 
reasons beyond mere difficulties of descri 
theoretical convictions underlying them 
said the one party, that there is any real 
parta ; there mw^/ be such a production, t 

We ourselves shall have to deal witl 
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ontogenesis in the descriptive sense ; the knowledge of the 
fact of this process must be the very foundation of all 
studies on the theory of development in any case* and 
therefore we shall devote this whole lecture to studies in 
merely descriptive embryology. 

But descriptive embryologj% even if it is to serve merely 
as an instance of the universality of the fact of epigenesis, 
csan only be studied succeBsfuUy with reference to a concrete 
case. We select the development of the common sea-urchin 
(Mthinm mwrottthermlaiiis) as such a case, and we are 
the more entitled to select this organism rather than another, 
because moat of the analytical experimental work^ carried 
out in the interests of a real theory of development, has 
been done on the germs of this animaL Therefore, to know 
at least the outlines of the individual embryology of the 
Echinus may indeed be called the condUw sine qtia non 
for a veal understanding of what is to follow. 



The Cell * 

You are aware that all organisms consist of organs and 
that each of their organs has a different function : the brain, 
the liver, the eyes, the hands are types of organs in animals, 
as are the leaves and the pistils in plants. 

Yon are also aware that, except in the lowest organisms, 
the so-called Protista, all organs ai'e built up of cells. That 
is a simple fact of obsei-vation, and I therefore cannot agree 
with the common habit of giving to this plain fact the title 
of cell-" theoiy." There is nothing theoretical in it ; and, 

* B, B. Wilflon, Tie €$11 m Ber^himiefU and InheritanG^, New York, 



cell" may hare tbe most diffe: 
of tbe skin, of a muscle, of a gland, 
as typical examples* But in every 
diatiuguished in a cell : an outside par 
an inside part, the nucleus, to leave 
several others, which, by the way, may o 
modifications. 

Protoplaam is a mere name for what 
in any case it is not a homogeneous c! 
it consists of many such compounds 
architecture; all organic functions 
metabolism, Tlie nucleus has a very 
which stands in a closa relation to its be 
moat characteristic morphological period c 
its division. Let us devote a few words 
of this division and the part the nucle 
will directly bear on future theoretical 
development 

There is a certain substance in every 
which stains most markedly, whenever ce 
pigments : the mime of *' chromatin " hai 
The chromatin always gives the r eactioj 
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very much twisted thread. This thread breaks, as it were 








Fio. 1.— Diagram of Cixx-DiTisioir (fljter BoveriX 

«. BMting cell; the chromatin dietribnted in the form of small granules inside the 
nnclena. Ontside the nndens is the " centrosome," not mentioned in the text 

b. Beginning of division ; the chromatin arranged in the form of a long thread. Centro- 
■ome divided in twa 

«. The thread of chromatin cat into four parts, the *' chromosomes." 

d. The fimr parts of the chromatin arranged symmetrically between the oentrosomes and 
the star-like *' spheres." 

€. Bach of the chromosomes split at taW length. 

/. Beginning of dirision of protoplasm ; the two parts of each chromosome separated. 

g. Bnd of celMivision. 



by sections, into ahnost equal parts, typical in number for 
each species, and each of these parts is split at full length. 



we hare described is perfor 
have happened some typical modifiJ 
then, by an interaction of protoplasl 
the first step in the actual divisior 
each pair of the small threads of ct 
is moved to one side of the cell, 
daughter-nuclei are formed in thisi 
itself at the same time forms a cii-cula 
the furrow gets deeper and deeper ; 
in two, and the divisioD of the call is ^ 

Not only is the growth of the 
organism carried out by a series of c 
development proper in our sense, as a ' 
mamfoldness/' is realised to a great i 
such divisions, which therefore may in 
very fundamental importance (Fig. 1). 

Each cell-division which promotes * 
the enlargement of the two daughter-c< 
it : these two daughter^elements attain 
mother-cell before division, and as soon 
a new division begins: so the growtl 
the main the result of the 



ELEMENTARY MORPHOGENESIS 



SI 



The Egg: rrs Matubation and B^ertilisatiox 

We know that all the organs of an aiimal or plant con- 
sist of cells, and we know what acta a cell can perform. 
Now there is one very important oigan in all living beings, 
which is devoted to reproduction. This organ, tlie so-called 
ovary in animals, is also built up of cells, and its single cells 
are called the eggs; the eggs originated by cell-di vision, and 
cell-division is to lead from them to the new adult* 

But, with a very few exceptions, the egg in the ovary is 
not able to su:complish its functions, unless certain typical 
events have occurred, some of which are of a merely pre- 
paratory kind, whilst the others are the actual stimulus 
for development. 

The preparatoiy onas are generally known under the 
name of ** maturation.*' The egg must be *' niaturCp'' in 
order that it may begin development, or even tliat it may 
be stimulated to it. Maturation consists of a rather com- 
plicated series of phenomena: later on we shall have 
occasion to mention, at least shortly, what happens in the 
protoplasm during its course ; as to the nuclear changes 
during maturation it may he enough for our purposes to say, 
that there occur certain processes among the chromosomes, 
which lead to an extension of half of them in the form of 
two very small cells, the "directive cells" or "directive 
or polar hodiea/* as they have been somewhat cautiously 
called* 

The ripe or mature ^g is capable of being fertilised. 

Before turning to this important fact, which, by the way, 
will bring us to our specially chosen type, the Echinus, a 
few words may be devoted to the phenomenon of " partheno* 



BOO — piauMa^ 

ment without fertilisation at all* 
and T. H* Morgan already had show 
division may occur in the eggs of othe: 
the eea-urchin for instance — when th' 
Bome chemical injiirieB, But Loeb ^ s 
a full development by treating the e 
clilorid© of magnesium ; thus artificial 
been discovered. Later researches havi 
parthenogenesis may occur in all c! 
kingdom and may be provoked by all 
physical means. We do not know at 
proper stimulus consists that must be 
take the place of fertilisation; it seem 
probable that it is always the same in 

But enough about prcrcesses, whicW 
highly scientific, but hardly of any philo 

By fertilisation proper we understam 
male element, the apermato^oon or the 
female element, the egg. Like the egg, ' 
but a cell, though the two differ very mu( 
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ia the relation between their protoplasm and nucleus : in all 
eggs it is the protoplasm which is comparatively very large, 
if held together with somatic cells, in the spermatozoon it 
is the nucleus. A large amount of reserve material, destined 
for the growth of the future being, is the chief cause of 
the siae of the egg-protoplasra» The egg is quite or almost 
devoid of the faculty of movement, while on the coutraiy, 
movement ia the most typical feature of the spermia. Its 
whole oigaoisation is adapted to movement in the most 
ebaractedstic manner: indeed, most spermatozoa resemble 
a fiwimmixig infusorium, of the type of Flagellata, a so-called 
head and a moving tail are their two chief constituents; 
the head is formed almost entirely of nuclear substance. 

It seems that in most cases the spermatozoa swim 
around at random and that their union with the eggs is 
assured only by their enormous number; only in a few 
case^ in plants have there been discovered special stimuli of 
a chemical nature, which attract the spermia to the egg. 

But we cannot enter here more fully into the physiology 
of fertilisation, and shall only remark that its real significance 
is by no means clear.* 



The First Development Process of Echinus 

Turning now definitively to the special kind of organism, 
chosen of our type^ the common sea-urchin, we properly 

* The older theoritST attributing to fertilisation (or to *'coujugation," t.f* 
its eqnivttUnt in Protozoa), sotDft sort of ** renovation " or *'Tcjuveiieacetico " 
Df the me*, have been nlmost completfily given up. (See Calkina, Arch. /Hr 
Eniiffkkehing^iMchanikt xv. 1&02J. IL Hertwig recently has advocated tho 
TWfT, th«t ftbnonnal reUtioas between the AmoutitB of nuclear aiid of proto- 
pladm Atic tnateriAl a. re rectified in soth e way by tho^ processes . Tel eol ogically , 
9exQil) reproduotion hasi bven coniiderod as a meant} of vaHability (WeiBtnann), 
t>nt mUo as a means of preserving the tyf)e f 
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diameter; and the head of the spe 
which ia only the four-hundred-tl 
volume of the egg ! The egg ie abo 
of wliat cao 1>e seen without opti 
visihle as a small white point Bui 
produced by a single female is eno; 
to hundreds of "thousands ; this is 
which render the eggs of Echinus 
experimental research ; you can obt: 
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half of the chromatin was thrown out of the egg by that 
process : now this half is brought in again, but comes from 
another individual 

It is from this phenomenon of nuclear union as the 
main character of fertilisation that almost all theories of 
heredity assume their right to regard the nuclei of the 
sexual cells as the true "seat"' of inlieritance* Later on 
we shall have occaaion to diacvisa this hypotliesis from the 
point of view of logic and fact. 

After the complete union of what are called the male 
and the female '' pronuclei," the egg begins its development ; 
and this development, in its first steps, is simply pure cell- 
division- We know already the chief points of this process, 
and need only add to what has been described, that in the 
whole first series of the cell-divisions of the ^g^ or, to use 
the technical term, in the whole process of the ** cleavage " 
or *' segmentation " of it, there is never any growth of the 
daughter-elements after each division, such as we know to 
occur after all cell-divisions of later embryological stages. 
So it happens, that during cleavage the embryonic cells 
become smaller and smaller, until a certain limit is reached ; 
the sum of the volumes of all the cleavage cells together 
ts equal to the volume of the egg. 

But our future studies will require a more thorough 
knowledge of the cleavage of our Echinus ; the experimental 
data we shall have to describe later on could hardly be 
properly understood without such knowledge The first 
division plane, or, as we shall say, the first cleavage plane, 
divide the eggs into equal parts ; the second lies at right 
angles to the first and again divides equally i we now have 
a ring of four cells. The third cleavage plane stands at 
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no radial divisions occur, is the most important one in its 
formation. When 808 blastomeres have come into existence 
the process of cleavage is finished; a sphere with a wall 
of cells and an empty interior is the result That only 
808 cells are formed, and not, as might be expected, 1024, 
is due to the faet that the micromeres divide less often 
than the other elements ; but speaking roughly, of course, 
we may say that there are ten steps of cleayage-divisions 
in our form; 1024 being equal to 2***. 

We have learned that the first process of development, 
the cleavage, is carried out by simple cell-division, A few 
cases are known, in which cell-division during cleavage is 
accompanied by a specific migration of parts of the 
protoplasm in the interior of the blaatomeres, sapecially in 
the first two or first four; but in almost all instances 
cleavage is as simple a process of mere division as it is in 
our sea-UTchin. Now the second step in development, at 
least in our form, is a typical histological performance: it 
gives a new histological feature to all of the blastomerea : 
they acquire small cilia on their outer side and with these 
cilia the young germ is able to swim about after it has 
left its menibrane. The germ may be called a " blastula " 
at this stage, as it was first called by Haeckel. whose 
useful denominations of the first embryonic stages may 
conveniently be applied, even if one does not agree with 
most, or perhaps almost all, of his speculations (Fig. 2). 

It is important to notice that tlie formation of the 
"blastula" from the last cleavi^j[e stage ia certainly a 
process of organisation, and may also be called a 
differentiation with regard to that stage* But there is in 
the blastula no trace of one pari of the germ becomiug 
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different with reapect to others of its parts. If development 
were to go on in this direction alone, high organisatory 
complications might occur: but there would alwajs be 
only one sort of cells, arninged in a sphere ; there would 
be only one kind of what is caUed " tissue/' 
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about fifty cells lose contact with their neighbours and 
leave the surface of the globe, being driven into the interior 
space of it Not very much is known about the exact 
manner in which these changes of cellular arrangement 
are carried out, whether the cells are passively pressed by 
their neighbours, or whether, perhaps, in a more active 
manner, they change their surface conditions; therefore, 
as in most ontogenetic processes, the description had best 
be made cautiously in fairly neutral or figurative words. 

The cells which in the above manner have entered the 
interior of the blastula are to be the foundation of important 
parts of the future organism ; they are to form its connective 
tissue, many of its muscles, and the skeleton. *' Mesenchyme/* 
ie. " what has been infused into the other parts " is the 
technical name usually applied to these cells* We now 
have to learn their definite arrangement At first they lie 
as a sort of heap inside the cell wall of the blastula, inside 
the "blastoderm," i.e. skin of the germ. But soon they 
move from one another, to form a ring round the pole at 
which they entered, and on this ring a process takes place 
which has a very important bearing upon the whole type of 
the organisation of the germ. You will have noticed that 
hitherto the germ with regard to its symmetry has been a 
monaxial or radial formation ; the cleavage stages and the 
blastula with its mesenchyme were forms with two different 
poles, lying at the ends of one single line, and round this 
line everything was arranged concentrically. But now 
what is called "bilateral symmetry" is established; the 
mesenchyme ring assumes a structure which can be 
symmetrically divided only by one plane, but divided in 
such a way, that one-half of it is the mirror image of the 
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which our own body has ; at least it 
its mesenchyme is concerned. 
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the beginning of the formation of the intestine, with all 
that is to be derived from it The larva now is no longer 
a blaatula, but receives the name of " gastrula *' in Haeckera 
terminology ; it is built np of the three *' genn-layera " in 
this stage. The remaining part of the blastoderm is called 
'* ectoderm " or outer layer; the newly -formed tube, 
" endoderm " or inner layer ; while the third layer is the 
** mesenchyme ** already known to us. 

The endoderm itself is a radial structure at first, aa 
was the whole germ in a former stage, but soon its free 
end bends and moves againat one of the sides of the 
ectoderm, against that side of it where the two triangles 
of the mesenchyme are to be found also. Thus the endo- 
derm has acquired bilateral symmetry just aa the mesen- 
chyme before, and as in this stage the ectoderm also 
assumes a bilateral symmetry in its form, corresponding 
with the symmetrical relations in the endoderm and the 
mesenebyine, we now may call the whole of our larva a 
bilateral-symmetrical organisation. 

It cannot be our task to follow all the points of organo- 
genesis of Echinus in detail It must suffice to state 
briefly tbat ere long a second portion of the mesenchyme 
is formed in the larva^ starting from the free end of 
itfi intestine tube ; that the formation of the so-called 
*' coelum '' occurs by a sort of splitting off from this same 
original organ; and that the intestine itself is divided 
into three parts of diflerent size and aspect by two circular 
sections. 

But we must not, I think, dismiss the formation of the 
skeleton so quickly, I told you already that the skeleton 
has its first origin in the midst of the two triangular 
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cell-inassea of the mesenchyme ; but what are the steps before 
it attains its tjrpical and complicated structure ? At the 
beginning a very Binall tetrahedron, consisting of carbonate 
of calcium, m formed in each of the triangles ; the four edges 
of the tetrahedron are produced into thin rods, and by 
means of a different organogenesis along each of these 
rods the typical formation of the skeleton proceeds. But 
the manner in which it is carried out is very strange 
and peculiar About thirty of the mesenchyme cells are 
occupied in the formation of skeleton substance on each 
side of the larva. They wander through the interior space of 
the gastmla — which at this stage is not filled with sea 
water but with a sort of gelatinous material — and wander 
in such a manner that they always come to the right places, 
where a part of the skeleton is to be formed ; they form it 
by a process of secretion, quite unknown in detail ; one of 
them forms one part, one the other, but what they form 
altogether, is one whole. 

When the formation of the skeleton is accomplished, the 
typical larva of our Echinus is built up ; it is called the 
*'pluteua" (Fig. 4), Though it is far from being the 
perfect adult animal, it has an independent life of its own ; 
it feeds and moves alx>ut and does not go through any 
important changes of form for weeks. But after a certain 
period of this species of independent life as a *' larva," the 
changes of form it undergoes again are most fundamental: 
it must be transformed into the adult sea*urchin, as all of 
you know. There are hundreds and hundreds of single 
operations of organogenesis to be accomplished before that 
end is reached; and perhaps the strangest of all these 
operations is a certain sort of growth, by which the symmetry 
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of the animal, at least in certain of its parts — not in all of 
them — is changed again from bilateral to radial, just the 
opposite of what happened in the very early stages I 

But we cannot follow the embryology of our Echinus 
further here ; and indeed we are the less obliged to do so, 
since in all our experimental work we shall have to deal 
with it only as far as to the pluteus larva. It is impossible 
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under ordinary conditions to rear the germs up to the adult 
stages in captivity. 

You now, I hope, will have a general idea at least of the 
processes of which the individual development of an animal 
consists. Of course the specific features leading from the 
egg to the adult are different in each specific ease, and, in 
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would seem to us probably eo great that all the similarities 
would seem to disappear. 

But there are similarities, nevertheleaa, in all development, 
and we shall now proceed to examine what they are. As 
a mattar of fact, it was especiaDy for their sake that we 
studied the ontogeny of a apecial form in such detail ; one 
always sees generalities better If one knows the specific 
features of at least oue case. What then are the features 
of most general and far-reaching importance, which may be 
ahstracted from the individual history of our sea-urchin, 
checked always by the teachinge of other ontogenies, includ- 
ing those of plants ? 



The First Steps of Analytical Mohphogenksis 

If we look back upon the long fight of the schools of 
embryologists in the eighteenth century about the question 
whether individual development was to be regarded as a real 
production of visible manifoldness or as a simple growth of 
visibly pre-existing manifoldness, whether it was "epi- 
genesis'* or "evolutio" there can be no doubt, if we rely 
on all the investigations of the last hundred and fifty years, 
that, taken in the descriptive sense, the theory of epigenesis 
is right Descriptively speaking there is a production of 
visible manifoldness in the course of embryology : that is 
our first and main result. Any one possessed of an average 
micToacope may any day convince himself personally that 
it is true. 

In fact, true epigenesis, in the descriptive sense of the 
term, does exist. One thing is formed '' after '* the other ; 
there is not a mere ** unfolding " of what existed already, 
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though in a emaller form ; there is no '* evolutio '* in the old 
meaning of the word. 

The word "evolution" in English usually serves to denote 
the theory of descent, that is of a real relationship of all 
oiganisms. Of course we are not thinking here of this 
modem and specifically English meaning of the Latin word 
evoluHQ. In its ancient sense it means to a certain degree 
jnst the opposite; it says that there is no formation of any- 
thing new, no transformation, but simply growth, and this is 
promoted not for the race but for the individual. Keeping 
well in mind these hiatorical differences in the meaning of 
the word " evolutio/* no mistakes, it seems to me, can occur 
from its use. We now shall try to obtain a few more 
particular results from our descriptive study of morpho- 
genesis, which are nevertheless of a general bearing, being 
real characteristics of organic individual development, and 
which, though not calculated of themselves to further the 
problem, will in any case serve to prepare for a more 
profound study of it. 

The totality of the line of morphogenetic facts can easily 
be resolved into a great number of distinct processes. We 
propose to call these " elementary morphogenetic processes "; 
the turning in of the endoderm and its division into three 
typical parts are examples of them. If we give the name 
" elementary oigans " to the distinct parts of every stage of 
ontogeny which are uniform in themselves and are each 
the result of one elementary process in our sense, we are 
entitled to say that each embryological stage consists of a 
certain number ot elementary organs. The mesenchyme ring, 
the coelum, the middle-intestiue, are Instances of such organs. 
It is important to notice weU that the word elementary is 
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always understCMDd here with regard to visible Tnorphogeneais 
proper and does not apply to what may be called elementary 
m the physiological senae. An elementary process in our 
seoae is a very distinct act of form-building, and an elementarj' 
organ is the result of every one of such acta 

The elementary organs are typical with regard to their 
position and with regard to their histological properties. 
In many cases they are of a very clearly different liisto* 
logical type, as for instance, the cells of the three so-called 
germ-layers ; and in other cases, though apparently almost 
identical histologically, they can be proved to be diflerent 
by their different power of Tesisting injuries or by other 
means. But there are not as many different types of 
histological structure as there are typically placed organs ; 
on the contrary there are many elementary organs of the 
same type in different typical parts of the organism, as all 
of you know to be the case with nerval and muscles. It 
wOl not be without importance for our future theory of 
development, carefully to notice this fact, that specialisa- 
tion in the pomiwn of embryonic parts is more strict than 
in their histology. 

But elementary organs are not only typical in position 
and histology, they are typical also with regard to their 
form and their relative size. It agrees with what has been 
Baid about histology being independent of typical position, 
that there may be a number of organs in an embryonic 
Btage, all in their most typical positions, which though all 
possessing the same histology, may have different forms or 
different sizes or both : the single bones of the skeleton of 
vertebrates or of adult ecbinoderms are the very best instances 
Df this most important feature of organogenesis. If we look 
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back from elementary organs to elementary processes, the 
specialisatioQ of the size of those organs may also be said to 
be the coDsequence of a typical duration of the elementary 
morphogenetic process leading to them.* 

I hardly need to say, that the histology, form, and size 
of elementary organs are equally an expression of their 
present or future physiological function. At least they 
prepare for this function by a specific sort of metabolism 
which sets in very early. 

The whole sequence of individual morphogenesis has 
been divided by some embryologists into two di Cerent 
periods ; there is a first period, during which the foundations 
of the organisation of the *'type" are laid down, and a 
second period, during which the histo-phyaiological specifica- 
tions are modelled out (von Baer, Gotte, Koux). Such a 
discrimination is certainly justified, if not taken too strictly ; 
but its practical application would encounter certain 
difficulties in many larval forms, and also, of course, in 
all plants. 

Our mention of plants leads ns to the last of our 
analytical results. If an animal germ proceeds in ita 
development from a stage d to the stage g, passing through 
€ and /, we may say that the whole of d has become the 
whole of/, but we cannot say that there is a certain part of 
/which is rf, we cannot say that /is d + a. But in plants 
we can : the stage / is indeed equal to a + h + c + d + e + a 
in vegetable organisms ; all earlier stages are actually visible 
as parts of the last one. The great emhryologist, Carl Ernst 



^ Tlie phrase ^^ celcHs pttribm'* ha^ to be added of course, as the durAtion 
of caoU fliDglo olem«QUrj t]ior|ihogE'iietic process is liable to vmry wttb tti«^ 
torn per Aiure «nd mui/ othef conditions of the medium. 
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von Baer, most clearly appreciated these analytical differenoes 
between animal and vegetable morphogeneeis. They become 
a little lesa marked if we remember that plants, in a 
c^tain respect, are not simple individuals but colonies, and 
that among the corals, hydroids, bryozoa^ and ascidia, we 
find analogies to plants in the animal kingdom ; but never- 
theless the differences we have stated are not extinguished 
by such reasoning. It seems almost wholly due to the 
occurrence of so many foldings and bendinga and migrations 
of cells and complexes of cells in animal morphogenesis, that 
an earlier stage of their development seems lod in the later 
one ; those processes are almost entirely wanting in plants, 
even if we study their very first ontogenetic stages. If we 
say that almost all production of surfaces goes on outside 
in plants, inside in animals, we shall have adequately 
described the diflbrence. And this feature again leads to 
the further diversity between animals and plants which is 
best expressed by calling the former "closed," the latter 
** open " forms : animals reach a point where they are 
finished, plants never are finished, at least in most cases, 

I hope you will allow that I have tried to draw from 
descriptive and comparative embryology as many general 
analytical results as are possibly to be obtained. It is not 
my fault if there are not any more, nor is it my fault if the 
results reached are not of the most satisfactory character. 
You may say that these results perhaps enable you to see a 
little more clearly and markedly than before a few of the 
chamcters of development, but that you have not really 
learnt anything new. Your disappointment — my own 
disappointment— in our analysis is due to the use of pure 
description and comparison as scientiiic methods. 

4 
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The Limits of Puke Desceiption m Science 

We have analysed our descriptions as far as we could^ 
and now we must confess that what we have found cannot 
be the last thing knowable about individual morphogenesis. 
There must be something deeper to be diBcovered : we only 
have been on the surface of the phenomena, we now want 
to get to the very bottom of them. Why then occurs all 
that folding, and bending, and hiatogeneais, and all the other 
processes we have described ? There must be something 
that drives them out, so to say. 

There is a very famous dictum in the TreaiiM on 
Mechanics by the late Gustav Kirchhoff, that it is the task 
of mechanics to describe completely and in the most simple 
manner all the motious that occur in nature. These words, 
which may appear problematic even in mechanics, have 
had a really pernicious influence on biology. People were 
extremely pleased with them. *' * Describing' — that is just 
what we always have done/' they said ; *' now we see that we 
have done just what was right ; a famous physicist has told 
ua 80." They did not see that Kirchhoff had added the 
words '* completely and in the most simple manner " ; and 
moreover, they did not consider that Kirchhoff never regarded 
it as the ultimate aim of physics to describe thunderstorms 
or volcanic eruptions or denudations; yet it only is with 
such "descriptions" that biological descriptions of given 
bodies and processes are to be compared 1 

Physicists always have used both experiment and hypo- 
thetical constructiou — Kirchhoff himself did so in the most 
gifted manner. With these aids they have gone through the 
whole of the phenomena, and what they found to be ultimate 
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and truly elemental, that alowe may they be said to have 
''described"; but they have "explained" by the aid of 
elementalities what proved to be not elemental in itself.^ 
■ It is the method of the phyaiciats — not their ratdts — 
that morphogenesis has to apply in order to make progress ; 
and this method we shall begin to apply in our next lectures. 
Physiology proper has never been so short-sighted and ealf- 
satisfied as not to learn from otiber eciencea, from which 
indeed there was very much to be learned ; but morphology 
has : the bare deaeribing and comparing of descriptioni has 
been its only aim for about forty years or more, and lines 
of descent of a very problematic character were its only 
general results. It was not seen that science had to begin, 
not with problematic events of the past, but with what 
actually happens before our eyes. 

But before saying any more about the exact rational 
and experimental method in morphology, which indeed may 
be regarded as a new method, since its prevalence in the 
eighteenth century had been really forgotten, we first shall 
have to analyse shortly some general attempts to understand 
moi^bogenesid by means of hypothetic construction ex- 
clusively. Such attempts have become very important 
as points of issue for really exact research, and, moreover, 
they deserve attention, because they prove that their authors 
at least had not quite forgotten that there were still other 
problems to be solved in morphology than only phylo- 
genetical ones* 
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I ^ We shall not a^oid ia these IwtnreB the word *' explain ''— «o much out of 

fsshioQ PQwaday». To ** explain '* m^&nji to subsome under known coiiceptft^ 
ar rulea, or Jaws, or principles, whether the laws or eoaoepts themselves bu 
**«xplibliied** or not Explaining, therefore, ia alwaja relative: what is 
elemental, of couraoj is only to be described, or rather to be slated. 



B. EXl'EKIMENTAL AND THEORETICAL 
MORPHOGENESIS 

1. Tee FO0KDATIONS OF THE PHYSIOLOGY OF DEVELOP- 
MENT. " EVOLOTIO " AND " EpIGENESIS " 

THTE THEORY OF WEISMANN 

Of all the ptirely hypothetic theories on morphogenesis 
that of August Weiamaim' can claim to have had the 
greatest influence, and to be at the same time the most 
logical and the most elaborated. The ** germ- plasma " 
theory of the German author is generally considered as 
being a theory of heredity, and that is true inasmuch aa 
problems of inheritance proper have been the starting-point 
of all his hypothetic speculations, and also fonn in some 
respect the most valuable part of tliem. But, rightly under- 
stood, Weismaim's theory consists of two independent parts, 
which relate to morphogenesis and to heredity separately, 
and it is only the first which we shall have to take into 
consideration at present j what is generally known as the 
doctrine of the "continuity of the germ-pla^m" will be 
discussed in a later chapter. 

Weismann assumes that a very complicated organised 
structure, below the limits of visibility even with the 
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highest optical powers, is the fotindatioti of all morpbo- 
genetic processes, in such a way that, whilst part of this 
BtTucture is handed over from generation to generation as 
the basis of heredity, another part of it is disintegrated 
during the individual development, and directs devdopment 
by being disintegratei The expression, "part** of the 
structure, first calls for some explanation. Weismann 
auppoaes several examples, several copies, as it were, of his 
structure to be present in the germ cells, and it is to thesa 
copies that the word *' part " has been applied by ns : at least 
one copy has to be disintegrated during ontogeny. 

The morphogenetic structure is assumed to be present in 
the nucleus of the germ cells, and Weismann supposes 
the disintegration of his hypothetic structure to be accom- 
plished by nuclear division. By the cleavage of the egg^ 
the most fmtdammittd parts of it are separated one from 
the other. The word " fundamental *' must be understood 
as applying not to proper elements or complexes of 
elements of the organisation, but to the chief relations 
of symmetry ; the first cleavage, for instance, may separate 
the right and the left part of the structure, the second one 
its upper and lower parts, and after the third or equatorial 
cleavage all the principal eighths of our minute organisa- 
tion are divided off: for the minute organisation, it must 
Eow be added, had been supposed to be built up differeatly 
in the three directions of space, just as the adult organism 
is. Weismann concedes it to be absolutely unknown in 
what manner the proper relation between the parts of the 
disintegrated fundamental morphogenetic structure and the 
real processes of morphogenesis is realised; enough that there 
may be imagined such a relation. 
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At the end of organogenesis the structure is assumed to 
have been broken up into its elements, and these elements, 
which may be chemical compounds, determme the fate of 
the single cells of the adult organism. 

Here let us pause for a moment There cannot be any 
doubt that Weismann's theory resembles to a very high 
degree the old ^"evolutio" doctrines of the eighteenth 
century, except that it is a little less crude. The chick itself 
is not supposed to be present in the hen's egg before develop- 
ment, and ontogeny is not regarded as a mere growth of 
that chick in miniature, but what really is supposed to be 
present in the egg is nevertheless a something that in all its 
parts corresponds to all tlie parts of the chick, only under 
a somewhat different aspect, while all the relations of the 
parts of the one correspond to the relations of the parts 
of the other. Indeed, only on such an hypothesis of a 
fairly fixed and rigid relation between the parts of the 
morphogenetic structure could it be possible for the 
disintegration of the structure to go on, not by parts of 
organisation, but by parts of symmetry ; which, indeed, is 
a very strange, but not an illogical, feature of Weismann's 
doctrine* 

Weismann is absolutely convinced that there must be 
a theory of " evolutiOp" in the old sense of the word, to 
account for the ontogenetic facts ; that ** epigenesis " has its 
place only in deacriptive embryology, where, indeed, as we 
know, manifoldness in the visibU sense is produced, but 
that epigenesis can never form the foundation of a real 
morphogenetic the^^rp: theoretically one pre-existing mani- 
foldness is transformed into the other. An epigenetic 
iheory would lead right beyond natural science, Weismann 
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thinks, as in fact, all such theories, if fully worked out, 
have carried their authors to vitalistic views. But vital- 
ism is regarded by him as dethroned for ever. 

Uuder these circumstances we have a good right, it 
seems to me, to speak of a dogitiatw basis of Weismann's 
theory of development. 

But to complete the outlines of the theory itself: 
Weismann was well aware that there were some grave 
diiBculties attachiug to his statements: all the facts of 
so-called adventitious morphogenesis in plants, of regeneration 
in animals, proved that the morphogeiietic organisation could 
not be fully disintegrated during ontogeny. But these 
difficulties were not absolute: they could be overcome: 
indeed, Weiamann assumes, that in certain specific cases — 
and he regarded all cases of restoration of a destroyed 
organisation as due to specific properties of the subjects, 
originated by roundabout variations and natural selection 
— that in specific cases, specific arrangements of minute 
parts were formed during the process of disintegration, and 
were surrendered to specific cells during development, from 
which regeneration or adventitious budding could originate 
if required. ** Plasma of reserve '* was the name bestowed 
on these hypothetic arrangements. 

Almost independently another German author, Wilhelm 
Boux/ has advocated a theoretical view of morphogenesis 
which very closely resembles the hypothesis of Weismann. 
According to Roux a minute idtimate structure is present 
in the nucleus of the germ and directs development by being 
divided into its parts daring the series of nuclear divisions* 

But in spite of this similarity of the outset, we enter an 

^ DU Btdetdwn^ dcr Eemieilungsjigurmt Leipzig, 1S33. 
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altogether differeDt field of biological investigation on 
meiationiog Roux's name : we are leaving hypothetic con- 
strnctioQ, at least in its absoluteneas, and ate entering the 
realms of scientific experimeat in morphology. 

EXPERIMENTAL MORPHOLOGY 

I have told you already in the last lecture that, while 
Id the eighteenth century individual morphogenesis had 
formed the centre of biological intereet and been studied 
experimentally in a thoroughly adequate manner, that 
interest gradually diminishedj until at last the physiology 
of form aa an exact sepamte sdence was almost wholly 
forgotten. At least that was the state of affairs as regards 
zoological biology; botanists, it must be granted, have never 
lost the historical continuity to such a degree; botany has 
never ceased to be regarded as one science and never was 
broken up into parts as zoology was. Zoological physiology 
and zoological morphology indeed were for many years in a 
relatiouship to one another not very much closer than the 
relation between philology and chemistiy. 

There were always a few men, of course, who strove 
against the current. The late Wilhelm His,^ for instance, 
described the embryology of the chick in an original 
manner, in order to find out tlie mechanical relations of 
embryonic parts, by which passive deformation, as an 
integrating part of morphogenesis, might be induced He 
also most clearly stated the ultimate aim of embryology to 
be the mathematical derivation of the adult form from tiie 
distribution of growth in the germ. To Alexander Goette " 

* Untttre K6rper/&rm^ Leipzig, 1S7C» 
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we owe another set of analytical considerations about 
ontogeny, Newport, as early aa 1850, and in later years 
Pfltiger and Raiiber, carried out experiments on the egga of 
the frog, which may truly be called anticipatory of what 
was to follow. But it was Wilhelra Koux,^ now professor 
of anatomy at HaUe, who entered the field with a thoroughly 
elaboratad programme, who knew not only how to state the 
problem analytically, but also how to attack it, fully 
convinced of the importance of what he did "Entwickelungs- 
mechanik," — mechanics of development — he called the '' new 
branch of anatomical science " of which he tried to lay the 
foundations, 

I cannot let this occasion pass without emphasising in 
the most decided naanuer how highly in nay opinion 
lioux's services to the systematic exploration of morpho- 
genesis must be esteemed* I feel the more obliged to do 
80, because later on I shall have to contradict not only 
many of his positive statements but also most of his 
theoretical views» He himself has lately given up much of 
what he moat strongly advocated only ten years ago. But 
Boux's place in the history of biological science can never 
be altered, let science take wliat path it will. 

It is not the place here to develop the logic of 
experiment; least of all is it necessary in the country 
of John Stuart Mill. All of you know that experiment, by 
its method of isolating the single constituents of complicated 
phenomena, is the principal aid in the discovery of so-called 
causal relations. Let us try then to see what causal 

* Otmmmdu AbkaTuHun^en^ Leip^g, 1895. Most importaat thaoretical 
fiftpers:— 2^tl5cAr. Buiiog. 21^ 1S85 ; Dk EtUmckdungvme^dmnik der Organis- 
fnen, Wien, ISflO ; Vrnir^ nnd Aii/salz£ ab^ Eniwick«i%mg»me^t&nik^ 
H«ft Ij Leipzig, 1905. 
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relationa Wilhelra Boujc established with the aid of 
morphogenetic exp€rimetit. 

TOE WORK OF WILHEL&I ROUX 

We know already that aa hypothesis about the founda- 
tion of individual development was his starting-point like 
Weismann he supposed that there exists a very complicated 
structure in the germ, and that nuclear division leads to 
the disintegration of that structure. He next tried to 
bring forward what might be called a number of indicia 
supporting his view, 

A close relation had been found to exist in many cases 
between the direction of the first cleavage furrows of the 
germ and the direction of the chief planes of symmetry 
in the adult: the first cleavage, for instance, very often 
corresponds to the m edian plan e, or s tands at righ t 
angles to it And in other iuBtances, such as have been 
worked out into the doctrine of so-called "cell-lineages" 
typical cleavage cells were found to correspond to typical 
organs* Was not that a strong support for a theory which 
regarded Qellalar division as the principal means of 
differentiation? It is true, the close relations between 
cleavage and symmetry did not exist in every case, but 
then there had always happened some specific experimental 
disturbances, t,g, influences of an abnormal direction of 
gravity on account of a turning over of the egg, and it 
was easy to reconcile such cases with the generally accepted 
theory on the assumption of what was called ** anachronism" 
of cleavage. 

But Iloux was not satisfied with mere indicia, he 
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wanted a proof, and with this intention he carried out 
an experiment which has becorae very celebrated,^ With a 
hot needle he killed one of the first two blaatomerea of 
the frog 8 egg after the full accomplishment of its first 
cleavage, and then watched the development of the surviving 
celL A typical haK-embiyo was seen to emerge — an organ- 
ism indeed, wliich waa as much a half as if a fully formed 
erabryo of a certain stage had been cut in two by a fazoFi 
It was especially in the anterior part of the embryo that 
its " balfness '' could most clearly be demonstrated. 

That seemed to be a proof of Weismann's and Boux*s 
theory of development, a proof of the hypothesis that there 
is a very complicated structure which promotes ontogeny 
by its disintegration, carried out during the cell divisions 
of embryology by the aid of the process of nuclear di vision, 
the so-called " karyokineais/' 

To the dispassionate observer it will appear, I suppose, 
that the conclusions drawn by Bous from his experiraent 
go a little beyond their legitimate length. Certainly some 
sort of " evolutio " is proved by rearing half the frog from 
half the ^gg. But is anything proved, is there anything 
discovered at all about the nucleus? It was only on 
account of the common opinion about the part it played 

^ in morphogenesis that the nucleus had been taken into 

H consideration. 
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THE EXPERIMENTS ON THE EGG OF THB SEA-URCHIN 



Roux's results were published for the first time in 
1888; three years later I tried to repeat his fundamental 
1 FirehmB't Atthii^ lU, ISSS. 
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experiment on another subject and by a aainewhat different 
method It was known from the cytological researches 
of the brothel's Hertwig and Boveii that the eggs of the 
common sea-urchin (Bchimts microiubercul€dus) are able to 
stand well all sorts of rough treatment, and that, in 
particular, when broken into pieces by shaking, their frag- 
ments will survive and continue to segment I took 
advantage of these facts for my purposes. I shook the 
germs rather violently during their two-cell stage, and in 
several instances I succeeded in killing one of the blasto- 
meres, while the other one was not damaged, or in separat- 
ing the two blastomeres from one another,* 

Let us now follow the development of the isolated 
sui"viving cell. It went through cleavage just as it would 
have done in contact with its sister-cell, and there occurred 
cleavage stages which were just half of the normal ones. 
The stage, for instance, which corresponded to the normal 
aixteen-cell stage, and which, of course, in my subjects was 
built up of eight elements only, showed two micromeres, two 
macromeres and four cells of medium size, exactly aa if a 
normal sixteen-cell stage had been cut in two ; and the form 
of the whole was that of a hemisphere. So far there was 
no divergence from Roux's results. 

The development of our Echinus proceeds rather rapidly, 
the cleavage being accomplished in about fifteen hours. I 
now noticed on the evening of the first day of the experiment, 
when the half-germ was composed of about two hundred ele- 
ments, that the margin of the hemispherical germ henttogether 
a little, as if it were about to form a whole sphere of smaller 
size, and| indeed, the next morning a whole diminutive 

J ^eiUehr, wiM. Zwl 63. 1S9L 
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bl^tula was swimming about 1 was bo much convinced 
that I should get Koux's morphogenetical result in all its 
features that, even in spite of this whole blastula, I now 
expected that the next morning would reveal to me the 
half*organisation of my subject once more ; the intestine, I 
supposed, might come out quite on one side of it, as a half- 
tube, and the mesenchyme ring might be a half ooe also. 

But things turned out as they were bound to do and 
liot as I had expected ; there was a typically whole gastrula 
on my dish the next morningj differing only by its small 
size from a normal one ; and this small but whoU gastrula 
was followed by a whole and typical small pluteus- larva 
(Fig, 5). 

That was just the opposite of Koux's result ; one of the 
first two blastomeres had undergone a half-cleavage as in 
big case, but then it had become a whole organism by a 
simple process of rearrangement of its material, without 
anything that resembled regeneration, in the sense of a 
oompletion by budding from a wound. 

If one blaatomere of the two-cell stage was thus capable 
of performing the morphogenetical process in its totality, 
it became, of course, impombh to allow that nuclear 
divisiou had separated any sort of " germ-plasm " into two 
different halves, and not even the protoplasm of the egg 
could be said to have been divided by the first cleavage 
furrow into imequal parts, as the postulate of the strict 
theory of so-called " evolutio " had been. This was a very 
important result, sufficient alone to overthrow at once the 
theory of ontogenetical " evolutio " the " Mosaiktheorie " as 
it had been called — not by Eoux himself, but according to 
hia views — in its exclusiveness. 
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widening the circle of my obseriirations by 
I one of the first four bla&tomeres is capable 

a whole organogenesis, and that three of 
i)la&tomereB together result in an absolutely 
hm, I went on to follow up separately one of 
Omental probleois which had been suggested 

aeriment : was there anything more to find 
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the cleavage-stages without any damage to the resulting 
organisiii. ITiere maj be no micromerea at the eixteen-cell 
stage, or they may appear as early as in the stage of eight 
cells ; no matter, the larva is bound to be typical So it 

Icertaloly is not necessary for all the cleavages to occur 
just in their normal order. 

But of greater importance for our purposes was what 
followed. I succeeded in pressing the eggs of Echinus 
between two glass plates, rather tightly, hut without killing 
them; the eggs became deformed to comparatively fiat 
plates of a lai^e diameter. Now in these eggs all nuclear 
division occurred at right angles to the direction of pressure, 
that is to say, in the direction of the plates, as long as 

I the pressure lasted ; but the divisions began to occur at 
right angles to ihmr former direction, aa soon as the 
pressure ceased. By letting the pressure be at work for 
different times I therefore, of course, had it quite in ray 
power to obtain cleavage types just as I wanted to get 
theuL If, for instance, I kept the eggs under pressure 
until the eight-cell stage was complete, I got a plate of eight 
cells one beside the other, instead of two rings, of four 
cells each, one above the other, as in the normal case; but 
the next cell division occurred at right angles to the former 
ones, and a sixteen-cell stage, of two plates of eight cells 
each, one above the other, was the result. If the pressure 
continued until the sixteen-cell stage was reached, sixteen 
cells lay together in one plate, and two plates of sixteen 
cells each, one above the other, were the result of the next 
cleavage. 

We are not, however, studying these things for 
^tological, but for morphogenetical purposes, and for these 
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the cleavage phenomenon itself is less important than the 
organogeuetic result of it: all our subjects resulted in 
absolutely narmai organ isma. Now, it is clear, that the 
spatial relations of the different nuclear divisions to each 
other are anything but normal, in the eggs subjected to the 
pressure experiments ; that, so to say, every nucleus has got 
quite different neighbours if compared with the " normal *' 
case, Tf that makes no difference, then there mnnoi 






FiO, 6.— PitElSURE'EXFVRIIimfTi O&t fiOHINEJi), 

a| ancl h^. Two normiil clt^v^s HtagiH, f^oDatitliig of vlgM uid sixtodti celU. 
Af and b^ Cc^fKBponditig BUgM modified by exuting preMoie tLatli Uie atglii^cfll] stagir 
wu aniifbed. Bm text. 



exist any close relation between the single nuclear divLsiona 
and organogenesis at all, and the conclusion we have drawn 
more provisionally from the whole development of isolated 
blastomeres has been extended and proved in the most 
perfect manner. There ought to result a morphogenetic 
chaos according to the theory of real **evoIutio" carried 
out by nuclear division, if the positions of the single nuclei 
were fundamentally changed ^ith regard to one another 
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(Fig, 6)* But now there resulted not chaos, but the normal 
ot^anisatioQ : therefore it was disproved in the strictest way 
that nuclear divisions have auy bearing on the origin 
of organisation ; at least as far as the divisions during 
cleavage come into account. 

On the egg of the frog (0. Hertwig), and on the egg of 
annelids (E. B. WUson), my pressure experiments have been 
carried out with the same result.' 

OH THB INTIMATE STRUCTURE OF THE PROTOPLASM OF THE 

QMllM 

Nuclear division, as we have seen, cannot be the basis 
of organogeneaia, and all we know about the whole develop* 
ment of isolated blaatomeres seems to show that there 
exists nothing respoBsible for differentiation in the protoplasm 
either* 

But would that be possible ? It cannot appear possible 
on a more profound consideration of the nature of morpho- 
genesis, it seems to me: as the untypical agents of the 
medium cannot be responsible in any way for the origin 
of a form combination which is most typical and specific, 
there musi be somewhere in the egg itself a certain factor 
which is responsible at least for the general orientation 
and symmetry of it. Considerations of this kind led me, 
as early as 1893,^ to uige the hypothesis that there 

' In tbe pres&uTtt experuQ«tJts I b^d altered the relative pofiUioti of the 
nuclei 4h ori^im. Iti ktor yeara I succeeded in disturbing tb« arrangement 
of the fally formed eeUa of the t-jght-eoU stage, &nd in got ting normal inxvm 
in qiite of th&t in man^ ouea. But as this series of experiments is not free 
from certain com plications — ^ which la part wtU be underatood later on (see 
pigIB 7S}— it mmtsu^ce here to have mentioiiod thein. (For further informa* 
tiou wm mj paper m ArchiiK/, Miwiekstungmuehaitikt dv*, 1902, page 500.) 

^ MiUHL Neapel. 11, 1893. 
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existed, that there mmi exist, a sort of iutiiuate structure 
in the egg^ including polarity and bilateraUty as the chief 
features of its symmetry, a structure which belongs to 
every smallest element of the egg, and which might be 
imagined by analogy under the form of elementary magnets.^ 
This hypothetic structure could have its seat in the proto- 
plasm only. In the egg of echiooderina it would be capable 
of such a quick rearrangement after being disturbed, that 
it could not be observed but only inferred logically ; there 
might, however, be cases in which its real discovery would 
be possible* Indeed Roux's frog-experiment seems to be 
a case where it is found to be at work ; at least it seems 
very probabk to assume that Boux obtained half of a 
frog's embryo because the protoplasm of the isolated blasto- 
mere had preserved the '" halfnees " of its intimate sti-ucture, 
and had not been able to form a small whole out of it 

Of course it was my principal object to verify this 
hypothesis, and such verification became possible in a set 
of experiments which my friend T. H. Morgan and myself 
carried out together,^ in 1895, on the eggs of ctenophores, 
a sort of pelagic animals, somewhat resembling the jelly- 
fish, but of a rather different inner organisation. The 
zoologist Chun bad found even before Boux's analytical 
studies, that isolated blastomeres of the ctenophore egg 
behave like parts of the whole and result in ahalf-oi^anisa- 
tion like the frog's genu does. Chun had not laid much 
stress on his discovery, which now, of coui^e, from the new 
points of view, became a very important ona We first 
repeated Chun's experiment and obtained his results, with 

^ Bttt th@ elemenUry magnets woold hnYe ta bti bilateral ! 
« Arch. Etdw, Mtch. 2, 1806, 
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the sole exception that there was a tendency of the 
endodenn of the half-larva of Beroe to become more than 
" half/' But that was not what we chielly wanted to 
etudy. We succeeded in cutting away a certain mass of 
the protoplasm of the ctenophore egg just before it began to 
cleave, without damaging its nuclear material in any way: 
in all eases, where the cut was performed at the aide, there 
resulted a certain type of larvae from our experiments which 
showed exactly the same sort of defects els were present in 
larvae developed from one of the first two blastomeres 
alone* 

The hypothcBis of the morphogenetic importance of 
protcplasm had thus been proved. In our experiments 
there was all of the nuclear material, but there were 
defects on one side of the protoplasm of the egg ; and tha 
defects in the adult were found to correspond to these 
defects in the protoplasm. 

And now 0. Schultze and Morgan succeeded in per- 
forming some experiments which directly proved the 
hypothesis of the part played by protoplasm in the subject 
employed by RouXj viz., the frog's egg. The first of these 
investigators managed to rear two whole frog embryos of 
amall she, if he slightly pressed the two-cell stage of that 
form between two plates of glass and turned it over; and 
Morgan,^ after having killed one of the first two blastomerei, 
as was done in the original experiment of Eonx, was able 
to bring the surviving one to a half or to a whole develop- 
ment according as it was undisturbed or turned. There 
cannot be any doubt that in both of these cases, it is the 
possibility of a rearrangement of protoplasm, offered by 
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the turning over, which allows the isolated blastomere to 
develop as a whole. The regulation of the frog s egg, with 
regard to its becoming whole, may be called facultative, 
whilst the same regulation of the egg of Echinus is 
ohHgatory* It is not witliont interest to note that the 
first two hlastomeres of the common newt, i.e. of a form 
which belongs to the other class of Amphibia, after a 
separation of an^ kind, always develop as wholes, their 
faculty of regulation being obligatory, like that of Echinus. 

Whole or partial development may thus be dependent 
on the power of regulation contained in the intimate polar- 
bilateml structure of the protoplasm, Where this is so, 
the reguktiou and the diflerences in development are both 
connected with the chief relations of symmetry. The 
development becomcB a half or a quarter of the normal 
because there is only one*half or one-quarter of a certain 
structure present, one -half or one -quarter with regard 
to the very wholeness of this structure; the develop- 
ment is whole, in spite of disturbances, if the intimate 
structure became whole first. We may describe the 
" wholeness/* '* halfness," or *' quarterness *' of our hypothetic 
structure in a mathematical way, by using three axes^ at 
right angles to one another, as the base of orientation. To 
each of these, t, y, and z, a certain specific state with 
regard to the symmetrical relations corresponds; thence 
it follows that, if there are wanting all those parts of the 
intimate structure which are determined, say, by a negative 
value of ^, by minus y, then there is wanting half of the in- 
timate structure ; and this halfness of the intimate structure 
is followed by the halfness of organogenesis, the dependence 
of the latter on the intimate structure being established. 
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Btit if regulation has restored, on a emaller scale^ the whole 
of the armngement according to all values of a;, y and z, 
development also can take place completely (Fig, *I\ 




TJit tir|» eirole reprMtnta Ui* orlginjil rtmctufe of Uws egg» In $Al &sm where cloivise' 
eclli of the two-d'Il AUgfi Ara iftoliiUid thiji Ddgin4l HtTU<;t^iiQ b oolj prtsent u 
"lull"' in the beginning, »y oDly oii the right (+y) dda, D«T«iopni«at titan 
txcomM "luil^" Lr Uie intimate itraeture reEnaJTifl faalf : but It bnconiai "whcih** 
{GO 9. f iiiall^r iCKle) if s new wbc^l^^tructure (iinall drde I) !■ fbnn«d b^ regalmtorr 

I am quite aware that such a discussion is rather erapty 
and purely formal, neverthel^s it is by no means without 
value, for it shows roost clearly the differences between what 
we have called the intimate structure of germs, responsible 
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only for the general symmetry of themselves and of their 
isolated parts, and another sort of possible structure of 
the egg-protoplasm which we now shall have to conaider^ 
and which, at the first glance, seems to form a serious 
difficidty to our statements, as far at least as they claim 
to be of general importance. The study of this other sort 
of germinal atnicture at the same time will lead us a 
step farther in our hiatorical sketch of the first years of 
*' Entwickelungsmechanik " and will bring this sketch to 
its end 



on SOME SPECIFICITrES OF ORGANISATION IN OEBTAIN GKBMS 

It was known already about 1890, from the careful 
study of what has been called "cell-lineage," that in the 
eggs of several families of the animal kingdom the origin 
of certain organs may be traced back to individual cells of 
cleavage^ having a typical histological character of their own. 
In America especially such researches have been carried 
out with the utmost minuteness, K B, Wilson's study of 
the cell-lineage of the Annelid Nereis being the first of 
them. If it were true that nuclear division is of no 
determining infiuenee upon the ontogenetic fate of the 
blastomeres, only peculiarities of the different parts of 
the protoplasm could account for such relations of special 
cleavage cells to special organs, I advocated this view 
as early as in 1894, and it was proved two years later by 
Crampton, a pupil of Wilson's, in aome very fine experi- 
ments performed on the germ of a certain mollusc.^ The 
ot this form contains a special sort of protoplasm near 

* Ar^h. Mnito, Mtch. 3, 1S9G. 
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its vegetative pola, and this part of it ia separated at each 
of the first two segmentations hy a sort of pseudo-cleavage, 
leading to stages of three and ^ve separated masses ioBtead 
of two and four, the supernumerary mass being the so- 
called '* yolk-sac" and possessing no nuclear elements 
(Fig. 8), Crampton removed this yolk-sac at the two-cell 
stage, and he found that the cleavage of the germs thus 
operated upon was normal except witli regard to the size 
and histological appearance of one cell, and that the larvae 




Pio, S.^The MaLLDAC DEsmLinK (a/ttr E, ii Wllnnl^ 

lu Th» ^gg, eonAkUnjT of three dlfTei^nt kJndi of pnotcpljtiiitt^tic miiteriftL 
h FftHi el«ftinig«-sUge, Th«r8 ire I wo c«1L« ftod one " pwudo-cell,'* thp )*dlk*«i«, whrdi 
eoaUliyi no tiuekuo. This wm nm&vtd In Cimmpton'^ expntitwst^U 

originating from these germs were complete io every respect 
except in their mesenchyme, which was wanting, A special 
part of the protoplasm of the egg had thus been brought 
into relation with quite a special part of organisation, and 
that s^mai j^^Tt of th^€ protoplcLsm amiained no nncleu&. 



GEHBR^L RRSULTS O? THX FlllST PEaiOD OF 
" KNTWICKELUNGSMECHANIK " 

This experiment of Crampton's, afterwards confirmed by 
Wilson himself, may be said to have closed the first period 
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of the new science of physiology of form, a period devoted 
almost exchisively to the problem whether the theory of 
nuclear division or, in a wider sense, whether the theory of 
a strict " evolntio " as the basis of organogenesis was true 
or not. 

It was shown, as we have seen, that the theoiy of the 
'* (juahtatively unequal nuclear division " (" qualitativ-uii- 
gieiche Kemteilnng" in German) certainly was not true, 
^id that there also was no strict "evolutio" in protoplasm. 
Hence Weismann's theory was clearly disproved. There 
certainly is a good deal of real " epigenesis *' in ontogeny, 
a good deal of "production of manifoldness," not only with 
regard to visibility but in a more profound meaning. But 
some sort of pre -formation bad also been proved to exist, 
and this pre-formationi or, if you like, this restricted 
evolution, was found to be of two difi'erent kinds. First 
an intimate organisation of the protoplasm, spoken of as 
its polarity and bilaterality, was discovered, and this hat! 
to he postulated for every kind of germs, even when it 
was overshadowed by immediate obligatory regulation after 
disturbances. Besides that there were cases in which a 
real specificity of special parts of the germ existed, a relation 
of these special parts to special organs : but this sort of 
specification also was shown to belong to the protoplasm. 

It follows from all we have mentioned about the 
organisation of protoplasm and its bearing on morphogenesis, 
that the ^^ of different animals may behave rather 
differently in this respect, and that the eggs indeed may 
be classified according to the degree of their organisation. 
Though we must leave a detailed discussion of these topics 
to morphology proper, we yet shall try shortly to summarise 
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what has been ascertained about tbeui in the different 
classes of the animal kingdom. A iull regulation of the 
iniimcUe structure of isolated blaatoineres to a new whole, 
has been proved to exist in the highest degree iu the 
eggs of all eehinodermSf medusae, nemertines, Amphioxus, 
fishes, and in one elaas of the Amphibia (the Urodda) ; it 
is faeultative only among the other class of Amphibia, the 
Anura, and seems to be only partly developed or to be 
wanting altogether among ctenophora, ascidia, annelids, 
and mollusca. Peculiarities in the organisation of specif 
pafts of protoplasm have been proved to occur in more cases 
than at fii^t had been assumed: they exist even in the 
echinoderm egg, as experiments of the last few years have 
shown ; even here a sort of specification exists at the 
vegetative pole of the egg, though it is liable to a certain 
kind of regulation ; the same is true in medusae, 
uemertines, etc. ; but among molluscs, ascidians, and 
annelids no regulation about the specific organisation of 
the germ in cleavage has been found in any case. 

The differences in the degree of regulability of the 
intimate germinal structure may easily be reduced to 
simple differences in the physical consistency of their 
protoplasms^ But all differences in specific organisation 
mast remain as they are for the present; it will be one 
of the aima of the future theory of development to trace 
these differences also to a common source. 

That such an endeavour wUl prol>ably be not without 
success, is clear, I should think, from the mere fact that 



^ It dea«rveA notice in this connectioti, that iti aonte cbsb^ th« jiTCitoplAiin 
of i>iirti or a genu ho^ been found io b« njore rej^ulablc m the earlieat atages, 
wheu it is very liuid, than later, when it u mom stiC 
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differences with regard to germiual specific pre-formation 
do not agree in any way with the systematic position of 
the animalB exbiblting them ; for, strange as it would be 
if there were two utterly ditfereiit kinds of morphogenesis, 
it wodd be still more strange if there were differences 
in morphogenesis which were totally unconnected with 
systematic relationship : the ctenophores behaving differently 
from the medusae, and Amphioxns differently from ascidiatia* 

SOMK NEW RESULTS COSfCERNlNG RKSTITUTIONS 

We now might close this chapter, which has chiefly 
dealt with the disproof of a certain sort of ontogenetic 
theories, and therefore has been almost negative in its 
character, did it not seem desirable to add at least a few 
words about the later discoveries relating to morphogenetic 
restorations of the adult. We havu learnt that Weiamaun 
created his concept of "reserve plasma" to account for 
what little he knew about *' restitutions " : that is^ about the 
restoration of lost parts ; he only knew regeneration proper 
in animals and the formation of adventitious buds in plants. 
It is common to both of these phenomena that they take 
their origin from typically localised points of the body in 
every case; each time they occur a certain well-defined 
part of the body is charged with the restoration of the lost 
parte. To explain such cases Weismann's hypothesis was 
quite adequate, at least in a logical sense. But at present, 
as we shall discuss more fully iu another chapter, we know 
of some very widespread forms of restitution, iu which 
what is to be done for a replacement of the lost is not 
entrusted to one typical part of the body in every case, 
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but in which the whole of the morphogenetic action to be 
performed is tranafei^red io its sin/^k parts to the Btn^le 
parts of the body which is accomplishmg restoration : each 
of its parta haa to take nn individual share in the process 
of restoration, effecting what is properly called a certain 
kind of '' re^differentiation ** ('* Umdifferenzierung ''), and this 
share varies according to the relative position of the part 
in each case* Later on these statements will appear in 
mora correct form than at present, and then it will become 
clear that we are fully entitled to emphasise at the end of 
our criticism of Weiamann's theory, that his hypothesis 
relating to restorations can be no more true than his theory 
of development proper was found to be. 

And now we shall pass on to our positive work. 

We shall tiy to sketch the outlines of what might 
properly be called an analytical thmrij of ^norpfwgenesis ; 
that ia, to explain the sum of our knowledge about ot]ganic 
form-production, gained by experiment and by logical 
analysis, in the form of a real system, in which each part 
will be, or at least will try to be, in its proper place and 
in relation with every other part. Our analytical work 
will give us ample opportunity of mentioning many im- 
portant topics of so-called general physiology also, irrespective 
of morphogenesis as such. But morphogenesis is always to 
be the centre and starting-point of our analysis. As I 
myself approach the subject as a zoologist, animal morpho- 
genesis, as before, will be the principal subject of what is to 
follow. 
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.NALYTICAL ThIORY OF MOBPHOGKNESIS ^ 

DISTRIBUTIOK OF MORPHOGENETIC POTENCIES 

fspedive Value and Prosptetim Potency 

Roux did not fail to see that the questions of 

and the tinie of all morphogeuetic differentia- 
be solved first, before any problem of causality 
I be attacked. From this point of view he 
lis fundamental experiments, 
in terminology that we differ from his views, if 
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tninve actual course of this development* whether it be 
undisturbed or disturbed in any way ; it is^ so to say, the 
actual, the rml ftUe of our element, that we take in accounts 
I have proposed to call this real fate of each embi-yonic 
part in this very definite line of morphogenesis its pro- 
jective ^alm (** prospective Eedentung " iu German). The 
fundamental question of the first chapter of our analytical 
theory of development may now be stated as follows : Is the 
prospective value of each part of any state of the morpho- 
genetic line constant, ix, is it unchangeable, can it be nothing 
but one ; or is it variable, may it change according to 
different circumstances ? 

We first introduce a second concept : the term prospecUve 
potenc^j (" prospective Totenz " in German) of each embryonic 
element. The term " prospective morphogenetic potency " is 
to signify the possible fate of each of those elements. With 
the aid of our two artificial concepts we are now able to 
Formulate our introductory question thus : Is the prospective 
potency of each embryonic part fully given by its prospective 
value in a certain definite case ; is it, so to say, identical 
with it, or does the prospective potency contain more than 
the prospective value of an element iu a certain case reveals ? 

We know already from our historical sketch that the 
latter is true : that the actual fate of a part need not be 
identical with its possible fate, at least in many cases ; that 
the potency of the first four blaatomeres of the egg of the 
aea-nrchin, for instance, has a far wider range than is shown 
by what each of them actujiUy performs in even this 
ontogeny. There are more morphogenetic possibilities con- 
tained in each embryonic part than are actually realised in 
a special morphogeuetic case. 
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As the most important special morpbogenetic case is, of 
course, the so-called " normal " one, we can also express our 
formula in terms of special reference to it : there are more 
morphogenetic possibilities in each part than the observation 
of the nornxal development can reveal. Thus we have at 
once justified the application of analytical experiment to 
morphogenesis, and have stated its most important results. 

As the introductory experiments about " Entwickelunga- 
mecbanik *' have shown already that the prospective potency 
of embryonic parts^ al least in certain cases, can exceed 
their prospective value — ^that, at least in certain cases, it can 
be different from it — tlie concept of prospective potency at 
the very beginning of our studies puts itself in the centre of 
analytical interest, leaving to the concept of prospective 
value the second place only. For that each embryonic part 
actually has a certain prospective value, a specified actual 
fate in eveiy single case of ontogeny, is clear from itself and 
does not affirm more than the reality of morphogenetic cases 
in general ; but that the prospective value of the elements 
may change, that there is a morphogenetic power in them, 
which contains more than actuality ; in other words^ that 
the terra " prospective potency " has not only a logical but a 
factual interest : all these points amount to a statement not 
only of the moat fundamental introductory results but also 
of the actual probknts of the physiology of form. 

If at each point of the germ something else can be formed 
than actually is formed, why then does there happen in each 
case just what happens and nothing else? In these words 
indeed we may state the chief problem of our science^ at least 
after the fundamental relation of the superiority of prospec- 
tive potency to prospective value has been generally shown. 
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We consequently may shortly formulate oar first problem 
08 the queetion of the diatribiition of the prospective 
morphogenetic potencies iu the germ. Now this general 
question involves a number of particular ones* Up to what 
8tage, if at all, is there an absolutely equal distribution of 
the potencies over all the elements of the germ ? When 
such an equal distribution has ceased to exist at a certain 
stage, what are then the relations between the parts of 
different potency ? How, on the other hand, does a newly 
arisen, more specialised sort of potency behave with regard 
to the original general potency, and what about the distribu- 
tion of the more restricted potency ? 

I know very well that all such questions will seem to 
you a little formal, and, so to say, academical at the outset 
We shall not fail to attach to them very concrete meanings. 

The PoU7icie& of the Mastofmres 

At first we turn back to our experiments on the egg of 
the 8ea*ui-chiu as a type of the germ in the very earliest 
stages* We know already that each of the first two, or each 
of the first four, or three of the first four blastomeres together 
may produce a whole organism. We may add that the 
swimming blastula, consisting of about one thousand cells, 
when cut in two quite at random, in a plane coincident with, 
or at least passing near, its polar axis, may form two fully 
developed organisms out of its halves.^ We may formulate 
this result in the words : the prospective potency of the 

' If tbc plane of sc<:ticiti passea m*ar the eqUtttot of the germ, two whole 
IftrTfte may be formed nlao, but in the niAJoricy of t^ms t\w '^animal " half 
doet not go bflyond tli« blastula. Tb« speeilii; features ol the org&maftttQu 
Df the protopldsin couit intQ ftccontit here. See aliu jtage 6£, note 1. 
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single cells of a blastula of Echinus is the 8ame for all of 
them; their prospective value is as far as possible from 
being constant 

But we may say even a little more : what actually will 
happen in each of the blaatula cells in any special case of 
development experimentally determined depends on the 
position of that cell in the whole, if the " whole " is put 
into relation with any fixed system of co-ordinates; or more 
shortly, "the prospective value of any blastula cell is a 
function of its position in the whole/' 

I know from former experience that this statement wants 
a few words of explanatioa. The word " function " is em- 
ployed here in the most general, mathematical sense, simply 
to express that the prospective value, the actual fate of a 
cell, will change, whenever its position in the whole is 
difTerent.' The " whole '* may he related to any three 
axes drawn through the normal undisturbed egg, on the 
hypothesis that there exists a primary polarity and 
hilaterality of the germ ; the axes which determine this sort 
of symmetry may, of course, conveniently be taken as 
co-ordinates ; but that is not necessary. 

The Faimdes of ElrnnmUary Organs in General 

Before dealing with other very young germs, I think it 
advisable to describe first an experiment which is carried 
out at a later stage of our well-known form* This experi- 
ment will easily lead to a few new concepts, which we 
shall want later on, and wiU serve, on the other hand, as a 



1 A qhmige of the poaitioti of the ceU b ot course effected by each variation 
of the dlrectioa of the cut, which U purely a matter of chance. 
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basis of explanation for some results, obtained from the 
youngest germs of some other animal species, which other- 
wise would seem to be rather irreconcilable with what our 
Echinus teaches us. 

You know^ from the second lecture> what a gaatmk of 
our sea-urchin ia. If you bisect this gastrula, when it is 
completely formed, or still better, if you bisect the gastrula 
of the starfish, either along the axis or at right angles 
to it^ you get complete little organisms developed from the 
parts : the ectoderm is formed in the typical manner in the 
parts, and so is the endoderm ; everything is proportionate 
and only smaller than in the normal case. So we have at 
once the important results, that, as in the blastula, so in the 
ectoderm and in the endoderm of our Echinus or of the 
stardsh. the prospective potencies are the same for every 
single element : both in the ectoderm and in the endoderm the 
prospective value of each cell is a " function of its position *' 
(Fig. 9> 

But a further eacperiment has been made on our gastnila. 
If at the moment when the material of the future intestine 
is most distinctly marked in the blastoderm, but not yet 
grown into a tube, if at this moment the upper half of the 
larva is separated from the lower by an equatorial section, 
you will get a complete larva only from that part which 
bears the " Anlage" of the endoderm, while the other half 
will proceed in morphogenesis very well hut will form only 
ectodermal organs. By another sort of experiment, which 
we cannot fully explain here, it has been shown that the 
endoderm if isolated is also only able to form such organs 
as are normally derived from it. 

And so we may summarise both our last results by 
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saying : though ectoderm aod endoderm have their potencies 
equally distributed amongst their respective cells, they possess 
different potencies compared one with the other. And the 
same relation ia found to hold for all cases of what we call 
elementary organs : they are *' equipotential/' as we may say, 
in themselves, but of different potencies compared with each 
other* 



Jbpltctf and Impiieii FoiencieA : PHmary and Sewndary 
Potencies 

We shall first give to our concept of "prospective 
potency *' a few words of further analytical explanation with 
the help of our newly obtained knowledge 

It is clear from what we have stated that the prospective 
potencies of the ectoderm and of the endoderm, and we may 
add, of every elementary organ in relation to every other, 
differ between themselves and also in comparison with the 
blastoderm, from which they have originated. But the 
diversity of the endoderm with respect to the ectoderm is 
not of the same kind aa its diversity in respect to the 
blastoderm* The potency of the endoderm and that of 
the ectoderm are both specialised in their typical manner^ 
but compared with the potency of the blastoderm they 
may be said not only to be specialised but also to be re- 
stricted : the potency of the blastoderm embraces the whole, 
that of the so-called germ-layer embraces only part of the 
whole ; and this species of restriction becomes clearer and 
clearer the further ontogeny advances : at the end of it in 
the " ultimate elementary organs *' there is no prospective 
potency whatever, 
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A few new terms will serve to state a little more 
accurately what happens. Of couree, with regard to all 
morphogenesis which goes on imviedmlely from the blaato* 
derm, the potency of the blastoderm is resttieted aa much 
as are the potencies of the germ layers. We shall call this 
sort of immediate potency expiidt, and then we see at once 
that, with regard to their explicit potencies, there are only 
differences among the prospective potencies of the elementaiy 
oigans ; but with respect to the imjdicii potency of any of 
these organs, that is with respect to their potency as em- 
bracing the faculties of all their derivations, there are also 
not only differences bat true morphogenetic restrictions 
lying at the verj^ foundations of all embryology. 

But now those of you who are familiar with morpho- 
genetic facts will object to me, that wbat we have stated 
about all sorts of restrictions in ontogeny is not true, and 
you will censure me for having overlooked regeneration^ 
adventitious budding, and so on. To some extent the 
criticism would be right, hut I am not going to recant^ 
I shall only introduce another new concept. We are 
dealing only with primary potencies in our present con- 
siderations, i-€. with potencies which lie at the toot of true 
embryology, not with those aerving to regulate disturbances 
of the organisation. It is true, we have in some way 
disturbed the development of our sea -urchin's ^g in 
order to study it; more than that, it would have been 
impossible to study it at all without some sort of disturb- 
ance, without some sort of operation. But, neverthelesa, 
no potencies of what may properly be called the secondary 
or restitutive type have been aroused by our operations ; 
nothing happened except on the usual lines of organogenesis. 
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It is true, some sort of regulation occurred, but that is 
included among the factors of ontogeny proper. 

We shall afterwards study more fully and from a more 
geaeral point of view thia very important feature of 
'* primary regulation *' iu its contrast to " secondary regula- 
tion'' pheuomena. At present it must be enough to aay 
that in speaking of the restriction of the implicit potencies 
in form-building we refer only to potencies of the primary 
type, which contain within themselves some properties of 
a (primary) regulative character. 

The Morphoffenetic Funciicm of Maturation in the Light of 

Rectnt Discoveries 

Turning again to more concrete matters, we shall first 
try, with the knowledge acquired of the potencies of the 
blastoderm and the so-called germ layers of Echinus, to 
understand certain rather complicated results which the 
experimental morphogenetic study of other animal forms 
has taught us. We know from our historical sketch that 
there are some very important aberrations from the type, 
to which the Echinus germ belongs/ le. the type with 
an equal distribution of the potencies over aU the blasto- 
meies. We know not only that in cases where a regulation 
of the intimate structure of the protoplasm fails to occur 
a partial development of isolated cells will take place, but 
that there may even be a typical disposition of typical cells 

■ Thi^ n?a<ier wiU remember (soo page 65^ note l)t that men the germ 
of EcUfniiB is not qui to cquipotentkl nlong it» tnatn uxIb, but it h equi* 
potentia] In tliis striotest mum around ih\& iiKi& The gemiv of [-ertaiti 
mtdusAc seem to be «qtii potential in every rwpect, even in their cleavige 
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lation of tTpica] organs anlj, without any 

-St cooftider the last case, of which the egg of 
good type : here there is oo equal distribution 
whatever, the cleavage-cellfl of this germ are 
1 '* mosaic "* mth r^ard to their morphogenetic 
la this difference between the germ of the 
and the molluacs to retnain where it is, and 
ucidated any further? Then there would he 
tant differences among the germs of different 
3ast with regard to the degree of the specifica- 
r cleavage cella, or if we aaoribe differences 
lastomeres to the organisation of the fertilised 
^ cleavage, there would be differencee in the 
c organisation of the egg-protoplasm; some 
be more typically specialised at the very 
morphogenesia than others. 
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whole subject* Wilson's reeearcheB, pursued not only by 
descriptive methods^* but also by means of analytical ex- 
periment, led him to the highly important discovery that 
the eggs of several forms (nemertines, molluscs), which 
after maturation show the mosaic type of specification in 
their protoplasm to a more or less high degree, fail to 
show any kind of specification in the distribution of their 
potencies before maturation has occurred. In the mollusc 
egg a certain degree of specification is shown already 
before maturation, hut nothing to be compared with what 
happens afterwards; in the egg of nemertine^ there is no 
specification at all in the unripe egg. 

Maturation thus becomes a part of ontogeny itself; it 
is not with fertilisation that morphogenesis begins, there 
is a sort of ontogeny anterior to fertilisation. 

These words constitute a summary of Wilson's researches* 
Taken together with the general results obtained about 
the potencies of the blastula and the gastrula of Echinus, 
they reduce what appeared to be differences of degree 
or even of kind in the specification of the egg-protoplaam 
io mere diffm^eTwes in the time of the beginning of r&d 
morpkoge7%e»ig. What occurs in some eggs, as in those of 
Echinus, at the time of the definite formation of the germ 
layers, leading to a specification and restriction of their 
prospective potencies, may happen very much earlier in 
other ^gs. But there exists in evert/ sort of egg an 
iorliest stage, in which all parts of its protoplasm are 



* Qffl&t cttitioii muat be taken in attnbutmg any specific morphogenetic 
p*rt to differently coloured or constrncted raitcriala, wbiob may b« obcnrved 
In ths egg-priotop]a«xn in cerUin ^st&. They may pky such a part, bnt in 
other ewes they certainly do not (see Lyon, Arch, J^iuf, Mt^. 23, 1907), 
Th« fijui dfloistnn alwinji depends on experjmentt 
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equal as to their pro»pectivity, and in which there are no 
poteatial diversities or restrictions of nny kind 

So much for differences ia the real maierial orgauisation 
of the germ and their bearing on inequipotentialities of the 

cleavage cells, 

Tht IniimcUc Strmturt of Protoplasm : FurtJur Remarks 

Where a typical half- or quarter -development from 
isolated blastomeree happene to occur, we know already 
that the impossibility of a regulation of the inttTrmie polar" 
hUaiiral structure may account for it As this impossibility 
of regulation probably rests on rather simple physical condi- 
tions^ it may properly he stated that equal diatrihutiou 
of potencies is not wanting but is only overshadowed here. 
In this respect there exists a logical difierence of funda- 
mental importance between those cases of so-called " partial " 
or better, " fragmental " development of isolated blastomeres 
in which a certain embryonic organ is wanting on account 
of its specific morphogenetic material being absent, and 
those cases in which the ** fragmental " embryo lacks 
complete ** halves " or " qnarters " with regard to general 
symmetry on account of the symmetry of its intimate 
structure being irregularly disturbed. This logical difference 
has not always received the attention which it undoubtedly 
deserves. Our hypothetical intimate structure in itself is, 
of course, also a result of factors concerned in ovogenesis. 
Only in one case do we actually know anything about its 

' It seemt that tha«« pb]^iic&t coDditions also—besidea tha real ^pooifica* 
tiosu iti tlio organ iaation of the egg — may he different bt'fore and after 
maturation or (in other qaa«s) fertilisation. (S«e Drieach^ Archivf. Enitokkg.' 
iungsitu^chanik, 7, p. 98 ; and Braehet, ibid. 22. p. 826,) 
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origia : Boux lias shown that in the frog it is the accidental 
path of the fertilismg spermatozoon in the e^ wMch^ 
together with the polar axis, normally determines the plane 
of bilatBral symmetry ; but this symmetry may be overcome 
end replaced by another, if gravity is forced to act in an 
abnormal manner upon the protoplasm ; the latter showing 
parts of different specific gravity in the eggs of all Amphibia, 

Tke NmitralUy of the Cmiei^i of ** Palenc^ *' 

Now we may close our rather long chapter on the 
distribntioQ of potencies in the germ ; it has been made 
long, because it will prove to be very important for further 
analytical discussion ; and its importance, in great measure, 
is due to its freedom from prepossessions. Indeed, the 
concept of prospective potency does not prejudice anything ; 
we have said, it is true, that limitations of potenci^ may 
be due to the presence of specific parts of organisatioQ in 
some cases ; that, at least, they may be connected therewith ; 
but we have not deternnned at all what a prospective 
potency really is, what the term really is to signify. It 
may seem that such a state of things gives an air of 
emptiness to our discussions, that it leaves uncertain 
what is the most important. But, I think, our way of 
argument, which tries to reach the problems of greatest 
importance by degrees, though it may be alow, could hardly 
be called wrong and misleading. 

fi, THE "means" of MORPHOGENgSIS 

We now proceed to an analysis of what may properly 
be called the means of morphogenesis, the word " means " 
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being preferable to the more usual one " conditions '' in this 
connection, as the latter would not cover the whole field. 
It is in quite an nnpreteutioue and merely descriptive 
sense that the expreaaion " means " should be understood at 
present ; what is usually called " conditions " is p&rt of the 
morphogenetic means m our sense> 



^*. Tht Inieriml EhmeiUarif Meam of Morpkogmem 

We know that all morphogenesis, typical or atypical, 
primary or secondary, goes on by one morphogenetic 
elementary process following the other* Now the very 
foundation of these elementary processes themBelvea lies in 
the elementary functions of the organism as far as they 
result in the formation of stable visible products. Therefore 
the elementary functions of the organism may properly be 
called the internal " means " of morphogenesis. 

Secretion and migration are among such functions ; the 
former happening by the aid of chemical change or by 
physical separation, the latter by the aid of changes in 
surface tension. But hardly anything more concrete has 
been made out about these or similar points at present. 

We therefore make no claim to olTer a complete system 
of the internal elementary means of morphogenesis. We 
shall only select from the whole a few topics of remarkable 
morphogenetic interest, and say a few words about each. 

But, first of all, let us observe that the elementary means 
of morphogenesis are far from being morphogenesis them- 
selves. The word '* means " itself implies as much. It 
would be possible to understand each of these single acts in 
morphogenesis as well as anything, and yet to be aB far 
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from understanding the whole aa even All meana of 
morphogenesis are only to be considered as the most general 
frame of events within which morphogenesis occurs, 

Somi Remarks on the Importance of Sur/nce TtTision in 
MoTpho^im^ms. — There are a few purely phyaical phenomena 
which have a special importance in oi^anic morphology, all 
of them connected with capillarity or surface tension. Soap- 
lather is a very familiar thing to all of you : you know that 
the aoap-solution is arranged here in very thin planes separated 
by spaces containing air : it was first proved by Berthold * 
that the arrangement of cells in oi^anie tissues follows the 
same type as does the arrangement of the single bubbles of 
n soap-lather, and Biitschli*^ added to this the discovery that 
the minute structure of the protoplasm itself is that of a 
foam also. Of course it is not one fluid and one gas which 
make up the constituents of the stnicture in the organisms, 
as is the case in the well-known inorganic foams, but two 
fluids, which do not mix with one another One general 
law holds for all arrangements of this kind : the so-called 
law of least surfaces, expressed by the words that the 
sum of all surfaces exist iog is a minimum ; and it again 
is a consequence of this law, if discussed mathematically, 
that four lines will always meet in one point and three 
planes in one line. This feature, together with a certain 
law about the relation of the angles meeting in one line 
to the size of the bubbles, is realised most clearly in 
many structures of organic tissues, and makes it highly 
probable, at least in some cases, that capillarity is at work 
here. In other cases, as for instance in many plants, a 



92 SCIENCE ANT> PHILOSOPHY OF THE ORGANISM 

kind of outside pressure, the 80-caLIed tissue tension, may 
accoutit for the arraDgetnent in surfaces minmias armB. 
Cleavage stages are perhaps the very best type in which 
otir physical law is expressed : and here it may be said 
to have quite a simple application whenever all of the 
blastomerea are of the same physical kind, whilst some 
complications appear in germs with a specialised organisa- 
tion and, therefore, with differences in the protoplasm of 
tlieir single blaatoraeres. In such instances we may say 
that the physical law holds as far as the conditions of the 
system permit, these conditions ordinarily consisting in a 
sort of non-homogeneity of the surfaces. 

It seems, from the researches of Dreyer/ that the forma- 
tion of organic skeletons may also be governed by the 
physically conditioned arrangement of protoplasmatic or 
callular elements, and some phenomena of migration and 
rearrangement among cleavage cells, as described by Bonx, 
probably also belong here. 

But let us never forget that the laws of surface tension 
only give us the most general type of an aiTangement of 
elements in all these cases, nothing else, A physical law 
never accounts for the Specific! Capillarity gives us not 
the least clue to it. As the organic substance, at least ui 
many cases, is a fluid, it must of course follow the general 
laws of hydroa£atic3 and hydrodynamics, but life itself is as 
little touched by its fluid-like or foam-like properties as it 
is by the fact that living bodies have a certain weight and 
mass. 

All indeed that has been described may be said to 
belong, in the broadest meaning of the word, to what is 
^ /«M ^$U9ckr. 26, 1S92. 
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called by Roux ** correlation of masses/' though this author 
originally intended to express by this term only some sorts 
of passive pressure and deibrmation amongst embryonic 
parts as discovered especially by His. 

We must be cautious in admitting that any organic 
feature has been explained, even in the most general way, 
by the action of physical forces. What at first seems to be 
the result of mechanical pressure may afterwards be found 
to be an active process of growth, and what at first seems 
to be a full effect of capillarity among bomogeneous elements 
may afterwards be shown to depend on specialised metabolic 
conditions of the surfaces as its princiiml canse.^ 

There are other physical phenomena too, which assist 
morphogenesis ; osmotic pressure for instance, which is also 
well known to operate in many purely physiological processes* 
But all these processes are only means of the organism, and 
can never do more than furnish the general type of events. 
They do not constitute life; they are used by life; let it 
remain an open question, for the present, bow the phenomenon 
of " life '* is to be regarded in general" 

On Orowik — -Among the internal morphogenetical means 
which are of a so-called physiological character, that is, 
which nobody claims to understand physically at present, 

* Acc&rdiug to Zur Straasen'a reaulte the early embryology of Jsearis 
proceeds »lmoat cxclusiTely by eellular surraco-chnnges : the most typical 
morpliogeDetio processus &ru cjirrmd out by the aid of thia "meao^." Asm 
wliolii, the embryology ol' Ascaria staods quite «p&rt and preseobs & gro*t 
Dumber of tuiaotved problems ; 11 n fortunately, the germ of this form bos not 
been aoceisible to experiment bitherto. 

"^ Bhumbler h&a recently publUhed a general rttrrey oT all attempts to 
'^explain " Mfe, and morphogBuesjs in y»&rticulaj*, in a physico-chemical way 
(**Au8 dam Liiokcngebiet zwiacben organ is miscber nud anorp.ii is mbcher 
Katur/* Ergeb. Arud, «> Enlw. gesck. 15, 1906). This mry ptmiviistic survey 
is the more valuable as it is written by a convinced " mecbuDist." 
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there ia in the fijfst place gtomtk, which must be regarded 
as a very eaaeiitial ona 

Analytically we must carefully discriminate between the 
increase in the ei^e of the cavities of an oi^nism by a 
passive extension of their surfaces and the proper growth of 
the individual cells, which again may be due either to mere 
extension or to real assimilation. Osmotic pressure^ of 
course, plays an important part both in the growth of the 
body-cavities and in simple cellular extension. We repeat 
the caution against believing too much to b© explained by 
this phenomenon : it is the organism which by the secretion 
of osmofcic substances in the cavities or the protoplasm of 
the cells prepares the ground for growth even of this 
osmotic sort The real cellular growth which proceeds on 
the basis of assimilation cannotj of course, be accounted for 
by osmotic events, not even in its most general type, 

Ontogenetiual growth generally sets in, both in animals 
and in plauts, after the chief lines of organisation are laid 
out; it ia only the formation of the definite histolc^cal 
structureB wliich usually runs parallel to it. 

On Cell'division. — We have already said a good deal 
about the importance of cell- division in ontogeny: it 
accompanies very many of the proceaaes of organisation in 
all living beinp. But even then, there are the Protozoa, 
in the morphogenesis of which it does not occur at all, and 
there have also become known many cases of morphogenesis 
in higher auimats, mostly of the type of regulation, in which 
cellular division is almost or wholly wanting. Therelbre, 
cellular division cannot be the true reason of differentiatioc, 
but is only a process, which though necessary in some cases, 
cannot be essential to it. It must be conceded, I believe. 
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that the same conclusion can be drawn from all oar 
€xperimenta on very young stages of the germ* 

The inveBtigations of the last few years have made it 
quite clear that even in organisms with a high power of 
morphogenetic regulation it is always the form of the whole, 
but not the individual cell, which is subjected to the regula- 
tion processes* Starting from certain results obtained by 
T. H. Morgan, I was able to show that in all the small but 
whole larvae, reared from isolated blastomeres, the aize of 
the cells remains normal, only their number being reduced ; 
and Boveri has shown most clearly that it is always the 
size of the nucleus — more correctly, the mass of the 
chromatin — which determines how large a cell of a certain 
histological kind is to be* In this view, the cell appears 
even more as a sort of material used by the organism as 
supplied, just as workmen can build the moat different 
buildings with stones of a given si^a 

0*, The External Means of Morpkogenms 

We now know what internal means of morphogenesis are, 
and so we may glance at some of the most important 
** outer means " or " conditions *' of oi^anisation* 

like the adult, the germ also requires a certain amount 
of heat, oxygen, and, when it grows up in the sea, salinity 
in the medium* For the germ, as for the adult, there 
exists not only a minimum but also a maximum limit 
of all the necessary factors of the medium ; the same factor 
which at a certain intensity promotes development, disturbs 
it from a certain other intensity upwards. 

Within the limits of this minimum and this maximum 
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of every outside agent tbere generally is an increaee in 
the rate of development corresponding to the increase of 
intensity of the agent The acceleration of development by 
heat has been shown to follow the law of the acceleration of 
chemical processes by a rise of temperature ; that seems to 
prove that certain chemical processes go on during the 
course of morphogenesis. 

Almost all that has been investigated of the part played 
by the external conditions of development has little bearing 
on specific morphogenesis proper, and therefore may be left 
out of account here: we must, however, lay great stress 
on the general fact that there is a very close dependence 
of morphogenesis on the outside factors, lest we should be 
accused afterwards of having overlooked it 

Of course all " external " means or conditions of morpho- 
genesia can actually relate to morphogenetic processes only by 
becoming in some way ** intenial/' but we unfortunately have 
no knowledge whatever how this happens. We at present 
are only able to ascertain what must necessarily be 
iecomplished in the medium, in order that normal morpho- 
genesis may go on, and we can only suppose that there 
sjdst certain specific internal general states, indispensable 
for organogenesis but inaccessible to present modes of 
in%*e9tigation.^ I 

The IHsmP€rk8 of Eerhst. — There are but few pointa 

in the doctrine of ^e external means or conditions of 

^^og^iesis whieh have a more special bearing on 

apeoification of proper form, and which therefore 



tlM &iitt]yti«Al dbeuniwii ot Kbb&, to whom we ove * gre*t 
fl tnporluil duiooTvriM in the field of ioor|ihog«oetic ''mettna*' iti 

i JNii CwmtmiM^^ TtrL iiiv^ 1904. «&d my mp^jr Ui Elt^ba, ibid, 23, 1903.) 
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require to be described here a little more fully. All these 
researches, which have been carried out almoat exclusively 
by Herbst,^ relate to the effect ot the chemical components 
of sea-water upoa the development of the sea*urehiii. If 
we select the moat important of Herbafc's results, we must 
in the first place say a few words ou the part taken by 
lime or calcium, not only in establishing specific features of 
form, but in rendering individual morphogenesis possible at 
all Herbst has found that in sea-water which is deprived 
of calcium the cleavage cells and many tissue cells also 
completely lose contact with each other: cleavage goes on 
quite well, but after each single division the elements are 
separated; at the end of the process you find the 808 cells 
of the germ together at the bottom of the dish, all swim- 
ming about like infusoria* There seems to be some 
influence of the calcium salts upon the physical state of 
the surfaces of the blastomerea. 

It is not without interest to note that this discovery 
has an important bearing on the technical side of all experi- 
ments dealing with the isolation of blastomeres. Since the 
separation of the single cleavage elements ceases as soon 
as the germs are brought back from the mixture without 
lime into normal sea-water, it of course is possible to 
separate them up to any stage which it is desired to study, 
and to keep them together afterwards. Thus, if for instance 
you want to study the development of isolated cells of the 
eight-cell stage, you will leave the egg in the artificial 
mixture containing no calcium until the third cleavage, 
which leads from the four* to the eight-cell stage, is finished. 
The dingle eight cells brought back to normal sea-water at 

^ ^toA. Entw. Me^ 17, 1^04. 
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this point will give you the eight etnbryos you want. All 
researches upon the development of isolated blastomerea 
since the time of Herbat's discovery have been carried out 
by this method, and it would have been quite impossible 
by the old method of shalcing to pursue the study iuto 
such minute detail as actually has been done. It may 
be added that calcium, besides its cell- uniting action, 
ie also of primary importance in the formation of the 
skeleton. 

Among all the other very numerous studies of Herbst 
we need only mention that potassium is necessary for the 
typical powth of the intestine, just as this element has 
been found necessary for normal growth in plants, and that 
there must be the ion SO4, or in other terms, sulphur salts 
present in the water, in order that the germs may acquire 
their pigments and their bilateral symmetry. This is indeed 
a very important result, though it cannot be said to be 
properly understood. It is a fact that in water without 
sulphates the larvae of Echinus retain the radial symmetry 
they have had in the very earliest stages, and may even 
preserve that symmetry on being brought back to normal 
sea-water if they have spent about twenty-four hours in 
the artificial mixture. 

We may now leave the subject of Herbst's attempts to 
discover the morphogenetic function of the single con- 
stituents of normal sea-water, and may devote a few 
words to the other branch of his investigations^ those 
dealing with the morphogenetic efiTects of substances which 
are not present in the water of the sea, but have been added 
to it artificially. Here, among many other achievements, 
Herbst has made the most important discovery that all 
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salts of lithium effect radical changes in developmenL' 1 
canoot describe fully here how the ao-called '*litliium 
larva'* onginates; let me only mention that its endo- 
derm is formed outside instead of inside, that it is far 
too large, that thera is a spherical mass between the 
ectodermal and the endodermal part of the germ, that 
a radial symmetry is established in place of the normal 
bilateralism, that no skeleton exists, and that the mesenchyme 
cells are placed in a quite abnormal position. All these 
features, though abnormal, are typical of the development 
in HthiunL The larvae present no really pathological 
appearance at all, and, therefore, it may indeed be said that 
lithium salts are able to change fundamentally the whole 
course of morphogenesis. It detracts nothing from the 
importance of these discoveries that, at present, they stand 
quite isolated: only witli lithium salts has Herbst obtained 
such strange results, and only upon the eggs of echinids, 
not even upon those of aeterids, do lithium salts act in this 
way. 



7. THE FOIIMATIVE CAUSES OR STIMUU 

Ths Deftniiion of Cause 

We cannot begin the study of the "causes" of the 
differentiation of form without a few words of explanation 
about the terminology which we shaU apply. Causality 
is the most disputed of all categories; many modern 
scientists, particularly in physics, try to avoid the concept 
of cause altogether, and to replace it by mere functional 
dependence in the mathematical meaning of the term. 
> Z4Us€hr. wiM, Zq&I. Sfi, im% ; and MUt, Nmp^U 11, tdOS, 
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They claim to express completely by an equation all that 
is discoverable about any sort of phenomena constantly 
connected, 

I cannot convince myself that such a very restricted 
view is the right one : it iB very cautious, no doubt, but it 
is incomplete, for we have the concept of the acting " cause " 
in our Ego and ate forceil to search for applications of it 
in Nature, On the other hand, it does not at all escape 
me that there are many difficulties* or rather ambiguities, 
in applying it 

We may call the '* cause " of any event, the sum total 
of all the constellations of facts which must be completed 
in order that the event may occur; it is in this meaning, 
for instance, that the first principle of energetics appliea 
the tenn in the words ca^ttsa aequat efftcium. But, by 
using the word only in this very general sense, we deprive 
ourselves of many conveniences in the further and more 
particular study of Nature. Would it be better to say that 
the " cause " of any event is the very last change which, 
after all the constellations necessary for its start are 
accomplished, must still take place in order that the event 
may actually occur? Let ns see what would follow from 
such a use of the word causality. We here have an animal 
germ in a certain stage, say a larva of Echinus, which is just 
about to form the intestine ; all the internal conditions are 
fuliilled, and there ia also a certain temperature, a certain 
salinity, and so on^ but there is no oxygen in the water : the 
intestine, of course, will not grow in such a state of things, 
hut it soon will when oxygen is allowed to enter the dish- 
Is, therefore, oxygen the cause of the formation of the 
intestine of echinus ? Nobody, I think, would care to say 
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60* By such reasoning, indeed* the fceraperature, or sodinm, 
might be called the "cause" of any special process of 
morphogenesis. It, tlierelbre, seems to be of little use to 
give the name of cause to that factor of any necessary 
constellation of events which accidentally happens to be 
the last that is realised. But what is to ba done then ? 

Might we not say that the cause of any morphogenetic 
process is that typical property, or quality, or change, on 
which its specific character depends, on which depends for 
example, the fact that now it is the intestine which appears, 
while at another time it is the lens of the eye ? We might 
veiy weU» but we already have our term for this sort of 
cause* which is nothing else than our prospective potency 
applied to that elementary organ from whicli tlie new 
proceas takes its origin. The prospective pot-ency indeed 
is the truly immanent cause of eveiy specification aflecting 
single oiganogenetic proeesses. But wo want something 
more than this* 

We may find what we want by considering that each 
single elementary process or development not only has its 
specification, but also has its specific and typical place in 
the whole^ — its locality* Therefore we shall call the ** cause '* 
of a single morphogenetic process, that occurrence on which 
depends its localisation, whether its specific character also 
partly depends on this " cause " or not.^ 

This definition of "cause" in morphology may be 
artificial ; in any case it is clear. And at the same time 
the concepts of the prospective potency and of the " means " 
of organogenesis now acquire a clear and definite meaning t 



^ lit oertaiti cases part of the speciQc feattire of tlie procesii in questioii mi^j 
al«) depend on the " cauao " which U lacAlJsing tt, €.ff, in the galls of pknta. 
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potency is the real basis of the specific character of every 
act in morpliogeneam, and " means/* including conditiona, are 
the snin of all external and internal general circumstances 
which must be present iu order that morphogenetie processes 
may go on, without being responsible for their specifici^ 
or localisation. 

It is implied in these definitions of cause and potency, 
that the fonner almost always will be of that general 
type which usually is called a stimulus or "Auslosung," 
to use the untranslatable German wonl There is no 
quantitative correspondence between our *' cause '' and the 
morphogenetie effect. 

Some Ijisiancm of Formative arid Directive Stimuli 

Again it is to Herbst that we owe not only a very 
thorough logical analysis of what he calls " formative and 
directive stimuli"^ but also some important discoveries 
on this subject We cannot do more here than barely 
mention some of the most characteristic facts. 

Amongst plants it has long been known that the 
direction of light or of gravity may determine where 
roots or branches or other morphogenetie fonnations are to 
arise ; in hydroids also we know that these factors of the 
medium may be at work ^ as morphogenetie causes, tlxough 

* Herlwt, **Ueber die B<jdeutang die Riii^pliyBii>logie Tiir die kausale 
AafFassung von Vorgangen in der tieristihen Ontogeneae " {Biol. Ctntraiblatt^ 
Tob. xiv.. 1 80 1, and xv,, 18^5); FormtUii^e IleizA in drr tiif mfn^tt Ontogene^ 
Leipzig, l&Ol, Those inLportant papen luust he studied by every one who 
wishes to become f&miliur with the subject. The present hIaU of ^ienci! is 
reviewed in my articles in the ETffcbnU$e der A^^simnif urui Ertitpi^e' 
limff»ge9Chithie, vok. %l and liv,, 1902 fiitd 1905. 

' Ockiupare the imjKirtaut ].i&pera by J. Lovbf (Tntetmieltung^t ^ur 
phffsioio^isfch^ M&rphologi^ d&r Tiere, Wiiriburgi 1891-2. 
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most of the typical architecture of hydroid colonies certainly 
is due to ioternal causes, as is also much of the organiBatiaii 
in plants. 

Light and gravity are external formative causes ; beside 
that they are merely " localisei-a/* But there also are some 
external fonnative stimuli, on which depends not only 
the place of the effect, but also part of its speciBcation* 
The galls of plants are the most typical organogenetic 
results of such stimuli. The potencies of the plant and the 
specific kind of the stimulaB equally contribute to their 
specification ; for several kinds of galls may originate on 
one sort of leaves. 

Scarcely any exterior formative stimuli are responsible 
for animal organisation ; and one would hardly be wrong 
in saying that this morphogenetic independence in animals 
is due to their comparatively far-reaching functional inde- 
pendence of those external agents which have any sort 
of direction. But many organogenetic relations are known 
to exist between the siBgle parts of animal germs, each 
of these parts being in some respect external to every 
other ; and, indeed, it might have been expected already 
a priori, that such formative relations between the parts of an 
animal embryo must exist* after all we have learned about 
the chief linea of early embryology. If differentiation does 
not go on after the scheme of Weismann, that is, if it is not 
carried out by true **evolutio" from within, how could it be 
eflfected except from without ? Indeed, every embryonic 
part may in some respect be a possible cause for raorpho- 
genetic events, which are to occur on every other part : it is 
here that the very roots of epigenesis are to he found* 

Heliotropism and geotropism are among the welbknown 
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phjsiological functions of plants ; the roots are seen to bend 
away from the light and towards the ground ; the branches 
behave juat in the opposite way. It now has been supposed 
by Herbst that such ** directive stimuli " may also be at 
work among the growing or wandering parte of the embryo, 
that their growth or their migration may be determined by 
the typical chamcter of other parts, and that real morpho- 
genetic characters can be the result of some such relation ; 
a sort of " chemotropism " or " chemotaxis " may be at work 
here, Herbat liimself has discussed theoretically several 
cases of organogenesis in which the action of directive 
stimuli is very probable. What has become actually 
known by experiment is not very much at present : the 
ineseuchyme celb of Echinus are directed in their migration 
by specified places in the ectoderm, the pigment cells of the 
yolk-aac of the fish fuodulus are attracted by its blood 
vessels, and nerves may be forced to turn into little tubes 
containing brain substance ; but of course only the first two 
instances have any bearing on typical morphogenesis. 

The first case of an "internal formative stimulus" in 
the proper sense, that is, of one embryonic part causing 
another to appear, was discovered by Herbst himself The 
arms of the so-called pluteus of Uie sea-urchin are in 
formative dependence on the skeleton- — no skeleton, no 
arms ; so many skeleton primordia,^ in abnormal cases, so 
many arms; abnormal position of the skeleton, abnormal 
position of the arms : these three experimeutal observa- 
tions form the proof of this niorphogenetie relation, 

* I uae the word *'pnnjordia" for the German ''An lags'* ; it ts better than the 
word "radiraent," as tUc lfttt«r may aJso mrv^ to signify the Tery last stage 
or a certain TormatioD that U d Isappeariiig (p^hjlogeQetieally)* 
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It may be simple tnecbamcal contact, or it may be some 
chemical influence that really constitutes the ** stimulus " in 
this case ; certainly, there exists a close and veiy specific 
relation of the localisation of one part of the embryo to 
another. Things are much the same in another case^ 
which, after having been hypothetically stated by Herbst 
on the basis of pathological data, was proved experimentally 
by Spemann, The lens of the eye of certain Amphibia is 
formed of their skin in response to a foimative stimulus 
proceeding from the so-called primaiy optic vesicla If this 
vesicle fails to touch the skin, no lens appears ; and, on the 
other hand, the lens may appear in quite abnormal parts of 
the skin if they come into cc^ntact with the optic vesicle 
aflter transplantation. 

But formative dependence of parts may also be of 
different typea 

We owe to Herbst the important discovery that the 
eyes of crayfishes, after being cut ofl', will be regenerated in 
the proper way, if the optic ganglion is present, but that 
an antenna will arise in their place if this ganglion has 
also been removed. There must in this case be some 
unknown influence of the formative kiud on which 
depends, if not regeneration itself^ at least its special 
character. 

In other cases there seems to be an influence of the 
central nervous system on the regenerative power in general 
Amphibia, for instance, are said to regenerate neither their 
legs (Wolff), nor their tail (Godlewski), if the nervous com- 
munications have been disturbed. But in other animals 
there is no such influence ; and in yet others, as for instance, 
in Planarians, it must seem doubtful at present whether the 



106 SCIENCE ANU PHILOSOPHY OP THE ORGANISM 

morphagenetic iMuenoe of the nervous eystem upon processes 
of r^toration is more than iiidirect ; the movemetits of the 
animal, which become very much reduced by the extirpation 
of the ganglia, being one of the main conditions of a good 
regeneration. 

Of course, all we have 8aid about the importance of 
special materials in the ripe germ, as bearing on specifically 
localised organisations, might be discussed again in our 
present chapter, and our intimate polar-bilateral structure 
of genns may also be regarded as embracing formative 
atimuli, at any rate as far as the actual poles of this 
structure are concerned. This again would bring us to the 
problem of so-called ''polarity*' in general, and to the 
** inversion " of polarity, that is to a phenomenon well 
known in plants and in many hydroids and worms, viz., 
that morphogenetic processes, especially of the type of 
restitutionfl, occur differently, according as their point of 
origin represents, so to speak, the positive or the native, 
the terminal or the basal end of an axis» hut that under 
certain conditions the reverse may also be the case* But a 
fuller discussion of these important facts would lead us 
deeper and deeper into the science of morphogenesis proper, 
without being of mucli use for our future considerations. 

And so we may close this section * on formative stimuli 



^ A fat) andysis of the sttbject would not only h&VG to deal with rormattrc! 
BMmuli as i lift u^u rat [Qg moi^hogeuetic proceaaea^ but also with thoso utimuU 
which tGrrnitiate nr atop the single acts of morphogeiu<^ab. Hnt little !» 
actually kiiowo about tins topttj, and thierGforo the reader mimt fet^t to mj 
other publkatious, I will only ^y hero, that the end of each singb morpho- 
genetic act may either be determined at the very btfgi&Qing or occur a» ati 
actual stopping of a process which otherwise would go on for ever and ever ; 
in the first cmm some ti*nniuating factoni are in eluded hi the very nature of 
the Diorphogenotic act it»eir. 
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or '* causes " of morphogenesis by ehortly adding, more on 
account of its factual thaa of its logical interest, that the 
phenomenon of the determination of sex/ according to the 
latest researches, seems to depend on cytological events 
occurring in the very earliest embryonic stages, say even 
before ontogeny, and not on fonuative stimuli proper * : it 
seems, indeed, as if the sexual products themselves would 
account for the sex of the individual produced by them^ 
particularly if there were difi'erences in their chromatin." 



S. THE MOBPHOGENETIC HAHM0NIE3 

Let us now turn again to considerations of a more 
abstract kind: we have become acquainted with some 
niorphogenetic interaetionB among the parts of a developing 
embryo : and, indeed, we can be sure that there exist far 
more of such interactions than we know at present. 

But it is far from being true that the development of 
each embryonic part depends on the existence or develop- 
ment of every other one. 

On the contrary, it is a very important and fundamental 
feature of organogenesis that it occurs in separate lines, 

' A MX acdpnnt of tlie present itftte of the lubjuct wiU bo found in 
Horgaii's Mjep^imtntaf ^iMflo^, New York, 1&07. 

' But tJiere Dcrtainly exist many lomiative rcl&tions between the real 
aexual organs and tli« iH>'CaU«:d secoDdiiry Bexiial characters. Hcrhat hm 
given A fnll i^n&lytical dbcuHaion of all that b known ou this $iibject ; but 
tbe f»ct3 are mi3*;h moTe complimteil than is KUQfirally auppo^d, and do not 
lend themselrea therefore to sbort de^ripttou. Se« &lio Fogea^ FfiUgiT*i^ Arch, 
93, 1902, 

^ It AeemB Ihnt ui sanic uaaea {Din^hiUt^^ certain Arthropodfi) the sexnal 
prodnuU are invHriably detemiinKi as '* arrenogefinfltic " or a» ** tbcslygen- 
ii«tic** (%VH«on, Jmirn. Ejtp^ Z^. ii anil uL 190^-6), whibt iii others 
( Amphibirt) th^ stat<! of maturation or ** aai>er "-mataratbn detamimei the 
mx of the fttture organism (R. Hertwig, Verh. D, ZooL Gm. 1905-7), 
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that is to Bay, ia lines of processes which may start from a 
common mot, but which are absolutely independent of 
one another in their manner of differeiitiatioti. Eoux has 
coined the terra *' self-differentiation " to denote this pheno- 
menon, and we admit that this term may be conveniently 
used for the purpose, if only it can be kept id mind that 
its sense is always relative, and that it is also negative* 
Suppose a part. A, shows the phenomenon of eeif-differ- 
entiation : this means that the further devt*lopment of A 
is not dependent on certain other parts, £, C.and i>; it does 
fwt mean at all that A has not been formatively dependent 
on some other parts, E or F at the time of its first appear- 
ance, nor does it imply that there might not be many 
formative actions among the constituents of A itself. 

We indeed are entitled to say that the ectoderm of 
Echinus shows "self-differentiation" with regard to the 
endoderm ; it acquires its mouth, for instance, as has been 
shown by experiment, even in eases where no intestine is 
present at all (Fig. 10); but ectoderm and endoderm both 
are formatively dependent on the intimate and the material 
organisation of the blastoderm. It further seems from the 
most recent experiments that the nerves and the muscles of 
the vertebrates are independent of each other in their 
differentiation^ but that their fate is probably determined 
by formative processes in the very earliest stages of ontogeny. 

The phenomenon of self-differentiation, properly under- 
stood, now may help to the discovery of one most general 
character of all development If the phenomenon of self- 
ilifferentiation really occurs in ontc^ny in its most diflerent 
aspects, and if, on the other liand, in spite of this relative 
morphogenetic independence uf embryonic parts, the result- 
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ing organism ia one whole in organisation and in functioD, 
some sort of karmonif of constdlalwn, as it may properly be 
Btyled, must be said to be one of the most fundamental 
characters of all production of individual fonn. In establish- 
ing thia harmony we do nothing more than describe exactly 
what happens : the harmony is shown by the fact that 
there is a whole organism at the end. in spite of the relative 
independence of the single events leading to it 

But still another sort of harmony is revealed in morpho- 




Fio, to.— pLutsua UkKvA or Sf^HAsn»C8Uftr& 

The InUitliie <l> i« deTeloped ai3tiiiii« inateftd of iivMn (by mmm of taJ«inB Ui« tem(hir»' 
tun) ; but the mauth <r) [a fonxi«?(1 in itn ootniial place. Q^Skaletoni. 



genesis, by an analysis of the general conditions of the 
formative actions themselves. In order that these actions 
may go on properly the possibility must be guaranteed that 
the formative causes may always find something upon which 
to act, and that those parts which contain the potencies for 
the next ontogenetic stage may properly receive the stimuli 
awaking these potencies: otherwise there would be no 
typical production of form at aU. This, the second species 
of harmonious relations to be described in ontogeny, may 
be called muml karmonp; the term simply expresses the 
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unfailmg relative condition of formative causes and cause- 
recipients. 

Finally, in fwnction&l harmtmy we have an expression 
descriptive of the unity of organic function, and ao wa 
may state, aa the latest result of our analytical theory of 
development up to this point, that individual morphogenesis 
is marked by a threefold harmmiy among its parts. 

€. ON RESTITUTIONS^ 

At this stage we leave for a while our analytical 
studies of ontogeny proper. We must not forget that 
typical ontogenesis is not the only form in which morpho- 
genesis can occur: the organic form is able to restore 
disturbances of its organisation, and it certainly is to be 
regarded as one of the chief problems of analytical morpho- 
genesis to discover the specific and real stimulus which 
calls forth the restoring processes. For simply to say that 
the disturbance is the cause of the restoration would be to 
evade the problem instead of attacking it. But there are 
still some other problems peculiar to the doctrine of 
restitutions, 

A few Remarks on S€€midary Pot^jwm and on S^ondary 

Morpko§€mtic I^e^ulations in Qmm'td 

We have only briefly mentioned in a previous chapter 
that there exist many kinds of potencies of what we call 
the secondary or truly restitutive type, and that their 
distribution may be most various and quite independent 

^ Dneacb, i?w organuchen R^uialimtenf Leipdg, ItOl ; Morgan^ Ee^^eru- 
<w«, New York, UOh 
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of all the potencies for the primary processes of ontogeny 
proper. Let ii3 first add a tlew words about the concept 
of "secondary restitution" and about the distribution 
of secondary potencies in general. 

Primary ontogenetic prtxieaBes founded upon primary 
potencies may imply regulation, or inore correctly, restitu- 
tion in many cases : so it is, when fragments of the blastula 
form the whole organism, or when the mesenchyine cells 
of Echinus reach their normal final position by an attraction 
on the part of specific localities of the ectoderm in spite 
of a very abnormal original position enforced upon them 
by experiment In these cases we speak of primary 
regulations or restitutions j disturbances are neutralised by 
the very nature of the process in question. We speak 
of secondary restitution whenever a disturbance of organ- 
isation is rectified by processes foreign to the realm of 
normality ; and these abnormal lines of events are revealed 
to us in the first place by the activity of potencies which 
remain latent in ontogeny proper. 

We know already that a certain kind of secondary 
restitution has been discovered lately, very contradictory 
to the theoretical views of Weismann ; the process of 
restoration being carried out not by any definite part of 
the disturbed organisation, but by all the single elements 
of it. The problem of the distribution of secondary 
potencies in these cases of so-called '* re-differentiation " is 
to form our special study in the next chapter. In all 
other cases restoration processes start from specific localities ; 
if they occur on tbe site of the wound which caused the 
disturbance, we speak of regeneration ; if they occur at 
some distance from the wouod, we call them adventitious 
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processes. Besides these tliree types of processes of restitu- 
tion there may be mentioned a fourth oue, consisting in 
what is generally called compensatory hypertrophy ; the 
most simple case of such a compensatorj process is when 
one of a pair of organs, say a kidney, becomes larger after 
the other has been removed,' Finally, at least in plants, a 
change of the directive imtability, of so-called " geotropism " 
for instance^ in certain parts may serve to restore other 
more important parts. 

In two of these general types of restitution, iii regenera- 
tion proper and in the production of adventitious organs, 
the potencies which underlie these processes may be said 
to be " complex/' It is a complicated series of events, a 
proper morphogenesis in itself, for which the potency has 
to account, if, for instance, a worm newly forms its head 
by regeneration, or if a plant restores a whole branch in 
the fonn of an adventitious buA 

Such generalisations as are possible about the distribu- 
tion of complex potencies are reserved for a special part 
of our future discussion. 

Secondary restitution is always, like ontogeny, a process 
of morphogenesxBj and thei*efore aU the questions about 
single formative stimuli, and about internal and external 
conditions or means, occur again. But of course we cannot 
enter into these problems a second time, and may only 

^ But real Gompetisatt>jry diBemntuttioii occurs in the cases of so-caUed 
** Iiyportypy '* as first discovered by PrEibram and aflterwArda atudicd bj 
S^kny : here the two organa of a pair abow a difleremt degree of differentia' 
tion, Wbeuever the more spocialiaed orgau ts remoTsd tlie lesa devtdDp«d 
oneaaaiimes it^ form. Similar cmm, which might simplj be called ''com- 
pensatory heterotypy/' are knowu. in plants, thovigh only relating to the 
actual fate of undifferentiated ** Anlagen " in thoso organ tauia. A leaf may 
be formed out of the Anlage of a nettle, if all the leaves aro cut aff^ and so oti# 
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say that, especially in regeneration proper, the specific type 
of the regenerative formation of any part may differ very 
iuuch from the ontogenetic type of ite origin; the end of 
both is the same, but the way can be even fundamentally 
different in every respect. 

The Stimtdi of JReMitiUkms * 

But now we turn to the important question : what is 
the precise stimulus ^ that calls forth processes of restitution ; 
or, in other words, what must have happened in order 
that restitution may occur? 

That the operation in itself, by its removing of mechanical 
obstacles, cannot be the true stimulus of any restitutions, 
IS simply shown by all those refititutions that do not 
happen at the place of the wound. If we took a narrower 
point of view, and if we only considered regeneration proper 
from the wound itself, we might probably at first be 
inclined to advocate the doctrine that the removing of 
some obstacles might in fact be the stimulus to the process 
of restoration ; but, even then, why is it that just what is 
wanted grows out? Why is there not only growth, but 
specific growth, growth followed by specification? The 
removing of au obstacle could hardly account for that. 
But, of course, taking account of all the adventitious 

' For • ftiller analysia compare my opening ftddxess delivered before th« 
lectio u of *• EjperiniotiUl Zoology" at the Seventh Zoologioftl Ooiigt«st, 
Boftton, 1007 T **Tho Stimuli of Eestitutiooa " (see Proceodiugi of tliit 
Congress). 

^ The problem of the stimulus of a second&ry restitution aa a whole must 
not be WJU fused witb the very dlfferetit question, wbat tlje single '* fprmativ* 
utimull " concern (id in tb« purfonnance of a certain restitutive *ct nn^y be. 
With regard to restitution as a. whole tliaae ainffle ** fommtive stimuli '* 
miglit properly be a«id to belong to its ^'intern&l nieftm'* — in the wid«et 
netrnt of tbti word, 

S 
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ixstitutlotis — ^that is, all restorations aot begmning at tlie 
woimd itself — the theory that the removing of obstacles 
is the stimulus to restoration beconaee, aa we have said, 
quite iiupossibla^ 

But where thau ia the stimulus to be found? There 
is another rather simple theory of the *'Aus]osung" of 
restitutions,^ which starts from the phenomena of com- 
pensatory hypertrophy and some occurrences among plants. 
The removal of some parta of the organism, it is aaid, 
will bring its other parts into better conditions of nutritioiL, 
and therefore these parts, particularly if they are of the 
same kind, will become larger. Granted for the moment 
that such a view may hold in cases when one of a pair 
of glands becomes larger after the other has been removed, 
or when pruning of almost all the leaves of a tree leads to 
the rest becoming larger, it certainly must fail to explain 
the fact that in other cases true new formations may arise 
in order to restore a dama^^ed part, or that the latter may 
be regenerated in its proper way. For mtrdy quantitative 
differencea in the mixture of the blood or of the nourishing 
sap in plants can never be a sufBcient reason for the highly 
typical and qualitaHve structure of newly-formed restitutions. 
And even in the most simple cases of a mere increase in 
the size of some parts, that is, in the simplest cases of 
so-called compensatory hypertrophy,* it is at least doubtful, 

^ T* H. Morgan is very right in aUting tlint, in ?tjfl;B»]emtiott, the 
"obsUcie*' it^lf is newly formed by the mtra process of hcaiingj prerioua 
%Q all restitution, nad tki&i true reijtitution happens all th« fiame. 

■ 1 uitrelv mention here the still ** iLiwpler " one— applicBble of course 
to regjBiieratioD proper ejEelusWcly — timt for the sittiple rciuHju of being 
'* wounded," i.<* being a »urfaie opfD to the modiuiD, the '* wound'* bring* 
forth ftU thut is ueccsasary to conapleto the or^&ni«ra. 

^ Thut com peuiiBtory byi^enro|iiiy cuntiot >»e due to '* fmietional Adftpta- 
tioTi "^to be anua^lyfied litter on — was proved by au ex|i«rinient of Bibbert'ii, 
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if not very improbable, that the compensatioii is accomplished 
in such a purely passive way, because we know that in 
other cases it is usually the growth of the young parts 
that actively afctracU the nourishment: there is first 
differentiation and growth, and afterwards there is a change 
in the direction of the noumhing fluids. 

The process of true regeneration, beginning at the 
locality of the wound itself, has been shown by Morgan, 
even as regards its rate, to occur quite irrtfspectively of the 
animal being fed or not.^ There could hardly be a better 
demonstratian of the fundamental fact that food aaeists 
reatitution, but does not " cause '* it in any way. 

But in spite of all we have said, there seems to be some 
truth in regarding the nutritive juices of animals and plants 
as somehow connected with the stimulus of restitutions; 
only in this very cautious form, however, may we make 
the hypothesis. It has been shown for both animals and 
plants, that morphogenesis of the restitutive type may be 
called forth even if the parts, now to be " regenerated *' 
have not been actually removed; e.ff. in the so-called 
super-regeneration of legs and tails in Amphibia, of the 
head in Planarians, of the root-tip in plants and in some 
other cases, Here it has always been a disturbance of the 



Comp&DMtlon m^f <i&sm before the function bu made Ita appeAraii^ as wis 
Hhovn to be the cose iti the tefttiolt^s and tiiHrmmAe of rabbits. {Arch. Etdw, 

^ A I nuy givtu tim« onlj the abaolnte sise of tlie Tugeoented part is 
greater in animak which are well fed ; Ihe li agree of dlflbrentiation ia the 
same in all. ZeUoy baa fotind tbatt if all five amie of a starfisli are removed, 
each one of them mil regenerate more matt; Hal iu a given time than it 
would b&ve doQo if it alone bad been removed. Hut tbew difTerencea alio 
only relate to absolute siie and not to the de^ee of differeDtiatioii* They 
puMSibly may be dne iii fact to conditiona of noiiriahmeut, but e?eB here 
other expl&aitiooa seems possible (^letiy, Jtmm. ^ssp* Zaei. % 1905). 
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Qorraal counectipii of some parts with the rest of the 
organism which proved to be the reason of the new formation.. 
This shows that aomething to do with the conimumcation 
among parts is at least connected with restitution, and 
this coramunication may go on either by the unknown 
action of specific tissues or by the aid of the blood or sap.' 
But in what this change or break of specific communication 
consists, is absolutely unknown* One might suppose that 
each part of the organisation constantly adds some sort of 
ferment to the body fluids outside or inside the cells, that 
the removing of any part will change the composition of 
these fluids in this particular respect, and that this change 
acta as a sort of communication to summon the restituting 
parts of the whole to do their duty." 

But I see quite well that such a theory is very little 

* For a good diseuaaion of ^' au[icr-regetierition ** in the roots of plants see 
Nimec, Studkn Uber du M^ffeTUttUion^ Borlin, 1906. Goebel and Winkler 
huve micoeedled in proroking tbe *' restitution " of pwta whicli wer« not 
remoTftd at aU l)y simply stopping tbeir functions (leires of oertam plants 
WBtt coYet(jd with planter, etc). (BioL GttUram, 22, l%0% p, 385 ; Em-. 
Jfl«. Qu^ 20, 1002, p. 8L) A fine esiperiinent ia due to Mi«lie. The alga 
(Jlmi€fhorf% waa mibjected to ''plaamolyais/' each cell then formed a new 
membrane of its own around the smaller volnnie of ita protoplasm ; alter 
that the pUnta were brougbt back to a mMinm of normal oamotic preisnneij 
and then each aingle cell grew up itito a little plant (all of them being of 
the aama polarity !). Two questions aeera to be answered by this l*ot t 
Idas of commuuicattoti u of fund&fuent&l tmportanco to restitution^ and the 
removal of nv^chatiiual obstacJes play a no part in it, for the mechanical 
reststauees werij the ^me at the end of the experiment as they had been at 
the beginning. {Btr. Bot. (?«. 23, lOOi*, p, 257,) For fuller analysis of all 
the problems of tbia chapter see my Onjani^he Ri^dalUjtufth^ my rcTJewa 
in the Ergehjtijm der Amdomie tnid Eidu^kk^ivii^^ge^cfnc/iit^ vola. viiL xi. 
xiv,^ and my Boston address mentioned abore, Comfiare also Fitting, 
Ergeht, d, Fhiftml. vola. iv. and v. 

^ The so -called *' inner secretion" in physiology pro[ior would oBor a 
certain anftlogy to the faet« aaanmed by anab an hypotbesii. Com pare the 
flXGeilent aummary given by E. Starling at the seventy -eighth meeting of tba 
German *' Nat urforsc her versammhmg," Stuttgart, l^Ofl. 
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satisfactory ; for what has to be done in restitution in 
each case is not a simple homogeneous act, for which one 
special material might account, but is a very complicated 
work in itself. It was the defect of the theory of " organ- 
forming substances " as advocated by Sachs, that it over- 
looked this point. 

So all we know about the proper stimuli of restitutions 
is far from resting on any valid grounds at all ; let us not 
forget that we are here on the uncertain ground of what 
may be called the newest and most up-to-date branch of 
the physiology of form. No doubt, there will be something 
discovered some day, and the idea of the " whole " in 
organisation will probably play some part in it. But in 
what manner that will happen we are quite unable to 
predict 

This is the first time that, hypothetically at least, the 
idea of the whole has entered into our discussion. The 
same idea may be said to have entered it already in a 
more implicit form in the statement of the threefold 
harmony in ontogeny. 

Let us now see whether we can find the same problem 
of the " whole " elsewhere, and perhaps in more explicit 
and less hypothetical form. Let us see whether our 
analytical theory of development is in fact as complete as 
it seemed to be, whether there are no gaps left in it which 
will have to be filled up. 



3. The Problem of Morpbogenetic Localisation 
a. the theory qf the harmoioocrs-equipotentlal system 

FIRST PROOF OF THE AUTONOMY OF LIFE 

We have come to the ceDtral point of the Brst part of 
tlieee lectures; we shall trjr in this chapter to decide a 
question which Ib to give life its place in Nature, and 
biology its place in the system of sciences* One of the 
foundation stones is to be laid upon which our future 
philosophy of the organism will rest 

7%*? General Probltm 

Our analytical theory of morphogenesis has been founded 

upon three elemeatary concepts : the prospective potency, 

the means, and the formative stimulus. Its principal object 

has been to show that all morphogenesis may be resolved 

into the three phenomena ejcpressed by those concepts; 

in other terms, that morphogenesis may be proved to 

consist simply and solely of what is expressed by them. 

Have we indeed succeeded in attaining this object ? Has 

nothing been left out ? Is it really possible to explain 

H every morphogenetic event, at least in the most general 

H way, by the aid of the terms potency, means, and stimulus ? 

H All of these questions are apt to lead us to further 



I 
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considerations. Perhaps these coaaidemtions will give ub 
a very clear and simple result by convincing us that it is 
indeed possible to analyse morphogenesis in our schematic way. 

But if the answer were a negative one ? What would 
that suggest ? 

The full analysis of morphogenesis into a series of single 
formative occurrences, brought about by the use of given 
means and oq the basis of given potencies, might assure 
us, perhaps, that, though not yet, still at some future time, 
a further sort of analysis will be possible ; the analysis into 
the elemental facts studied by the sciences of inorganic 
nature. The organism might prove to be a machine, not 
only in its functions but also in its very origin. 

But what are we to say if even the preliminary analysis, 
which possibly might lead to such an ultimate result, fails ? 

Let us then set to work. Let us try to consider most 
carefully the topic in which our concept of the formative 
cause or stimulus may be said to be centred, the localisa' 
Htm of all morphogenetic effects. Is it always possible in 
fact to account for the typical localisation of every 
morphogenetic effect by the discovery of a single specific 
formative stimulus t You will answer me, that such an 
analysis certainly is not possible at present. But I ask 
you again, are there any criteria that it is possible, at least 
in principle ; or are there any criteria which will lender 
such an aim of science impossible for all future time ? 



The Morphoffemtic " Spsiem " 

We know from our experimental work that many, if 
not allj o! the elementary organs in ontogeny show one 
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and the same prospective potency distributed equally over 
their elements. If we now borrow a very convenient term 
from mechanics, and call any part of the organism which 
is considered as a unit from any morphogenetic point of 
view, a morphogenetic '\^f/3it7n*' we may sum up what 
we have learnt by saying that both the blastoderm of the 
echinoderais, at least around its polar axis, and alao the 
germ-layers of these animals, are " systems '* possessing an 
equal potentiality in all of their elements, or, in short, that 
they are equipatmHul systmia. 

But 8uch a term would not altogether indicate the real 
chai'acter of these systems. 

Later on we shall analyse more carefully than before 
the distribution of potencies which are the foundation both 
of regeneration ]>roper and of adventitious growth, and 
then we shall see that, in higher plants for instance, there 
is a certain "system" which may be called the organ 
proper of restitutions, and which also in each of its elements 
possesses the same restoring potency ; I refer to the well- 
known cambium. This cambium, therefore, also deserves 
the name of an ** eqnipotential system." But we know 
already that its potencies are of the complex type, that they 
consist in the faculty of producing the whole of such a 
eampUcated organisation as a branch or a root, that the 
term " equipotential system " is here only to signify that 
such a complicated unit may arise out of each of the cells 
of the camhiuuh 

The potencies we have been studying in the blastula or 
gastrula of echinoderms are not of the complex type : our 
systems are etiuipotential to the extent that each of their 
elements may play every single part in the totality of what 
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will occur in the whole system ; it is to this sinffle part 
that the term " function of the position " relates* We 
therefore might call our systems equipotential systems with 
single potencies; or, more shortly, singular-equipotential 
eystema. 

But even this temiinology would fail to touch precisely 
the very centre of facts: it is not only the simplicity 
or singularity of their potencies which characterises the 
rdle of our systems in morphogenesis,* but far more im* 
portant with respect to the production of form are two 
other leading results of the experimental researches. The 
proper act to he performed by every element in each actual 
case is in fact a single one, bnt the potency of any element 
as such consists in the possibility of many, nay of indefinitely 
many, single acts : that then might justify us in speaking of 
our systems as *' indefinite equipotential," were it not that 
another reason makes another title seam still more prefer- 
able. There are indeed indefinite singular potencies at 
work in all of otir systems during ontogeny : but the sum 
of what happens to arise in every case out of the sum of 
the single acts performed by all of the single equipotential 
cells is not merely a sum but a unit ; that is to say, there 
exists a sort of harmony in every case among the reul 
prodii^s of our systems. The term fLamionious-equipotrntiai 
mfitcm therefore seems to he the right one to denote them. 

We now shall try first to analyse to its very extremes 
the meaning of the statement that a morphogenetio system 
is harmonious-equi potential. 

* The uauie of HitigulaT-f^quiiKjtentkl systems mijLrlit also be applied to 
flkmentwy organs, tlie single potencies of whiob are awaked to orgjiiiogoJiffaitt 
by fipeuiHc lomiutive stiTniili from without ; but Ibftt i& not th« ease in the 
systems atmlied in this ehui^ter. 



the ectodenn may go on perfectly well 
typical little embryo, which is only smallf 
it would normally ba It is by atiidying 
the highly complicated ciliary baud, that 
can be most clearly understood 

Now let UB imagine our ectoderm to be 
of being approximately a sphere, and le 
surface of this cylinder unrolled. It wil 
of two definite dimensions, a and h. Anc 
the means necessary for the analytical stud; 
tion of an harmonious-equipotential syaten 

Our plane of the dimensions a and h i 
normal, undisturbed development; taking 
plane as fijted localities for orientation, we 
actual fate, the ** prospective value '* of eve 
plane stands in a fixed and definite o 
length of two lines, drawn at right angles 
lines of the plane; or, to speak aualyt: 
definite actual fate corresponding to each 
35 and of y. Now, we have been able to st 
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Let us put the qiiestioii in the followmg way : on what 
factors does the fate of any element of our system depend 
in all possible cases of development obtainable by means of 
operations ? We may express our results in the form of 
an equation : — - 

t.c. " the prospective value of the element JT is a function 
of • * . ** — ^of what ? 

We know that we may take off any part of the whole, 
as to quantity, and that a proportioDate embryo will 
reaiUt, unless the part removed is of a very large size. 
This means that the prospective value of auy element 
certainly depends on, certainly is a function of, the atmlute 
size of the actually existing part of our aystem in the 
particular case* Let s be the absolute size of the system 
in any actual experimental case of morphogenesis : then we 
may write p.v. (X) =/ (a * . , ), But we shall have to add 
stiU some other letter to this s. 

The operation of section was without restriction either 
as to the amount of the material removed from the germ» or 
as to the direction of the cut* Of course, Ln almost every 
actual case there will be both a definite size of the actual 
system and a definite direction of the cut going hand-in- 
hand. But in order to study independently the importance 
of the variable direction aJone, let us imagine that we have 
isolated at one time that part of our system which is 
bounded by the lines a^ h^, and at another time an equal 
amount of it which has the Unes a^ h^ as its boundaries- 
Now since in both cases a typical small organism may result 
on development, we see that, in spite of their equal size 
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the prospective value of every element of the two placeB cut 
out of the germ may vary even in relation to the direction 
of Uje cut itself. Our element, A, may belong to both of 
theae pieces of the same size : its actual fate nevertheless 
will be diHerenL Analytically, it may be said to change in 
correspondence to the actual position of the actual boundary 
lines of the piece itself with regard to the fundamental lines 
of orientation, a and h; let this actual position be expressed 
by the letter I, I marking the distance of one* of the actual 
boundary lines of our piece from aor b: then we are entitled 
to improve our formula by writing p.v, (X) =/ {s, I . . . ) 
{Fig. 11). 

But the formula is not yet complete : s and I are what 
the mathematicians call variables: they may have any 
actual value and there will always be a definite value of p.v.t 
it. of the actual fate which ia being considered ; to every 
value of s and /, which as we know are independent of 
each other, there corresponds a definite value of the actual 
prospect! vity. Now, of course, there is also a certain factor 
at work in eveiy actual case of experimental or normal 
development, which is not a variable, but which is the same 
in all cases. This factor is a something embraced in the 
prospective potency of our system^ though not properly 
identical with it. 

The prospective potency of our system, that is to say of 
each of its elements, is the sum total of what can be done 
by all ; but the fact that a typically proportionate develop- 
ment occurs in every possible case, proves that this sum 
comes into account, not merely as a sum, but as a sort of 

^ The distitnee of the othor Wundary line from a or 6 would be giv«n by 
lim vjihie of ^. 
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order : we may call this order the " relation of localities in 
the absolutely normal case/' If we keep in mind that the 
term "prospective potency" is always to contain this order, 
or, as we may also call it, this " relative proportionality,'' 
which, indeed, was the reason for calling our systems 
" harmonious," then we may apply it without further ex- 
planation in order to signify the rum-variable factor on 
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PlO. 11.— DiAORAJC TO BHOW THE CHARACTERISTICS OF AN 
" HARMONIOUS-EQUIPOTEimAL SYSTEM." 

The element X forms part of the systems a b or a^ 61 or 03 b^ ; its prospective value is 
different in each case. 



which the prospective value of any element of our systems 
depends, and, if we denote the prospective potency, embrac- 
ing order, by the letter E, we are now able to complete our 
formula by saying /?.r. {X) =/ (s, /, E), 

So far the merely analytical study of the differentiation 
of harmonious-equipotential systems/ 

^ A far more thorough analjrsis of this differentiation has been attempted 
in my paper, "Die Localisation morphogenetischer Vorgange. Ein Beweis 
vitalistischen Geschehens," Leipzig, 1899. 
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Instawees of *' Earmonimm-Eq^iipott filial Sydans " 

We must try at first to learn a few more positive facts 
about our systems, in order that we may know how im- 
portant is the part which they play in the whole aDimal 
kingdom^ and in order that our rather abstract analysis may 
become a little more familiar to us. We know already that 
many of the elementary morphogenetic organs have been really 
proved to be harmoBious-equipotential systems, and that the 
same probably is true of many others ; we also know that 
the itiiniature egg of almost all animals belongs to this type, 
even if a fixed deterraination of its parts may be established 
just after maturation. Moreover, we said, when speaking 
about some new diseoveries on form-restitntion, that there 
are many cases in wtiich the processes of restitution do not 
proceed from single localities, the seat of complex potencies 
in the organism, but in which each singh part of the 
truncated organism left by the operation has to perform 
one iingU act of restoration, the full restitution being the 
result of the totality of all. These cases must now be 
submitted to a full analysis. 

All of yon have seen common sea-anemones or sea-Toaes, 
and many of you will also be familiar with the so-called 
hydroid polypa TvMlaria is one genus of them : it looks 
like a sea-anemone in miniature placed on the top of a stem 
like a tiower. It was known already to All man that 
IhAularia is able to restore its flower-like bead when that 
is lost, but this process was taken to be an ordinary re- 
generation, until an American zoologist, Mies Bickford, 
succeeded in showing that there was no regeneration process 
at all, io the proper sense of the word, no budding of the 
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miasing part from the wound, but that the new tubulariaii 
head was restored by the combmed work of many parts of 
the stem. Further analysis then taught ua that Tiikularia- 
indeed is to be regarded as the perfect type of au 
harmoniouB-eqiupotential ayatem : you may cut the stem at 
whatever level you like: a certain length of the stem will 
always restore the new head by the co-operation of its parts. 
As the point of section is of course absolutely at our choice, 
it is clear, without any further diBcussion, that the pro- 
epective value of each part of the restoring stem is a 
" function of its position/' that it varies with its distance 
from the end of the stem ; and so at once we discover one 
of the ciiief characteristics of our systems. But also the 
second point which enters into our formula can be 
demonstrated in T^ibtdaria: the dependence of the fate of 
every element on the actual size of the system. You would 
not be able to demonstrate this on very long stems, but if 
you cut out of a Tuhidaria stem pieces which are less than 
ten millimetres in lengthy you will find the absolute mm of 
the bead restored to be in close relation to the length of 
the stem piece, and this dependence, of course, includes the 
second sort of dependence expressed in our formula. 

The figures will serve to show you a little more con- 
cretely what haa been described. The head of TuMlarm 
consists of a sort of broad base with a thin proboscis upon 
it, both bearing a large number of tentacles ; these tentacles 
are the first things to be seen as primordia (" Anhigen **) in 
the process of restitution. You notice two rings of longitudinal 
lines inside the stem ; the lines will become walls and then 
will separate from the stem until they are only connected 
with it at their basal ends ; the new tentacles are ready as 
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scM^a as that has happened, and a prcKcess of growth at the 
end will serve to drive the new head out of the so-called 
perisarc or homy skeleton, which surrounds the stem. By 
comparing the two figures, 12 e, and g, you easily find out 




oU Btig^tmxn of Ui** " Hydrantb/' with It* sliort and long tPuUclw* 

h* E««lltHtfoii of A iiHW hydrRtith lualdfr tbo tw^riwitti iv% 

tt Tli« ««ffle— later sUkb i Uib t^utftclfiB ftre couiplete ; the whohi bjdnnth will be drlvitu 

out of th« pefiAUQ by m process of pnwtli tlut ocean At tbe locAUtr rnnrknd <|. 
tL 4 Kt«Qi of Ti^itorta out elttiftr mt a^ ^ or mt ^ &>t or at a^ e. 
e. Fofcttlon cf tenueles [n tlt« plee« out at a^ F)]. 

/, „ H „ «a 6^ whlfb Id squnl lu length to oi fci. 

^, ,^ ,^ ,, rrj f« which Ib hitlfui long as £fi /!»|. 

that the absolute lengths of the two tentacle rings are very 
different, and that both are in proportion^ to the actual size 
of the stem (Fig. 12). 

^ Thit Btatement is "fwi drkiiy correct for Thibularm. I fomid (Arehiv /. 
EnltmckdungmnAchanikj ix. IS$9), that a reduction of tli* length of tho 
stem k alwajs followed bj a reduction of the size of the hydr&Dth-primor- 
dium, but there ia no real proportioD&Iity between them. It b otilj for 
theoretical flimpUHcation that a strict proportionality is a^umeil here, both 
in the text and the diagram. But there k an almost strict [iroi^ortionality 
in iJl cftsed of * * cloaed form*/* 
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So we find our formula pM (JC) —f (s, I, E) very well 
illustrated in Tuhtdaria, The farmula indead may help us 
to predict, in any case, where a certain part of the poljrp's 
oi*gamsatiou is to originate, at least if we know all that is 
iucluded under our letter J?, i,e. the normal proportion of 
our form. Of course such prediction would not have much 
practical importance in all our cases of morphogenesis, but 
nevertheless I should like to state here that it is possible ; 
for many scientific authors of recent times have urged the 
opinion that prediction of, and domination over, what will 
happen, can he the only true aims of sciences at all. I 
myself judge these aims to be of second or third-rate im- 
portance only, but, if they may be peached by what our 
purely theoretical study teaches, so much the better. 

Another veij typical case of a niorphogenetic system 
of the harmonious type is supplied by the phenomena of 
restoration in the ascidian Clairdlina. I cannot fully 
describe the oi^niaation of this form (Fig. 13 a), and it 
must suffice to say that it is very complicated, consisting 
of two very different chief parte, the branchial apparatus 
and the so-called intestinal sac ; if these two parts of the 
body of Clavdlina are separated one from the other, each 
may regenerate the other in the typical way, by budding 
processes from the wound. But, as to the branchial 
apparatus, there may happen something very different: 
it may lose almost all of its organisation and become a 
small white sphere, consisting only of epithelia correspond- 
ing to the germ-layers, and of mesenchyme between them, 
and then, after a certain period of rest, a new organisation 
will appear. Now this new organisation is not that of a 
branchial apparatus but repr^ents a very small but com- 

9 
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plete aacidi&n (Tig. 13). Such a faet oertamlj eeetns to 
be ¥617 impoitant, not to aaj very suiprising; btit still 
another pheoometia may be demoostr&ted on the animal 
which seems to be eTen more important You first iBolate 
tlie branchial apparatus from the other part of the body, 
and then you cut it in two, in whatever direction you 
ptea^e, Frorided they surriYe and do not dte, as indeed 
many of tbem do, the pieces obtained by this operation 
ml! mtsh lose their oiganisalion, as did the whole branchial 
appumttis, and then will ^eh aeqaire another one, and 
this new oi^pniaation is also that of a etm^pl^ little 
CImB t Ui na. So we see that not only is the branchial 
a^atmtns of our animal capable of being tranafonned into 
a whole aninial by the co-operative work of all its parts, 
bnt evoi eadi pari of it may be transformed into m small 
mWh uid it is qnite at omr disposal how large this part 
dttll be, and what sort of a fragment of the original 
bnncUal appaiatas it shall repreoeiit^ 

We oonld hardly tmagine a better instanoe of au 
faarmonioits-eqmpoteiitial system. 

I cannot give yon a description of all the otlier types 
of oitf ayatnaa aabeerrieut to restitutioii, and I can only 
hem tbat tile ecimmoii hydra and the iatwocm 
are y^j fine examples of tbetn. But to Oine 
special case of hunionkiins eqttipotentiality you must allow 
me In diteet your farther attention. 

It has been known for maaj yeua that the Ftolonw 
am aln capable of a rertcgattoo of tbeir form and ofpalsa- 
tion aft^ djatni^aiioes^ if at least they contain a certain 
of thetr nndear sobstanov Tliis prooeea of restora* 
aaed to be legaided as bdonging to the ffwrncm type 
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of regeneratiou proper, until T* H. Morgan succeeded in 
showing that in the genus Sientor it follows jnst the very 
lines which we know already from our study of embryonic 
organs or from Tidmlaria ; that an harmonious-equipotential 
syatem is at the basis of what goes on. Now, yon know 



a. 




PlO. 19,— ClAVEJLUltA. 

«. Diagram of lh<* normiil anini*l r K lUid J-up«tiinga; IT- branch la! appwmtui; Dw 

iDt^AtlDc; Af = Btomach; il^ heart. 
b* Thu hioUttHi Lrauchla) apparat^i. 

Jf«f. IMffBrntit RbagcH at reduction atih^ bmncJiiaJ ttppai»ti*fl. 
/. The ntwr if^iU IHtle oacidian. 



that all Protozoa are but one highly organisad cell: we 
have therefore here an instance where the ao- called 
"elements'^ of our harmonious-morphogenetic system are 
not cells, but something Inside of cells ; and this feature 
must appear to be of very great moment, for it first shows, 
as we have already pointed out on another occasion, that 
morphogenesis is not dependent on cell-division, and it 
states at the same time that our concept of the harmDnious- 
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equipoteutial system may cover a very great area — that, in 
fact, it is a scheme of a very wide ej^tetit 

The Problem of (lit Fud&r E 

We turn back agaia to consideratioiiB of a more abstiact 
form. We left our aDalysis of the dififen^ntiation of the 
harmonioiis^uipotential systems, and particularly of the 
plienometia of localisation during this differentiation, at the 
point where we had succeeded in obtaining an equation 
as the e^ipreBsion of all those factors on which the pro- 
spective value, the actual fate, of any element of our 
systems depends, p.v, (X)=/ {5, /, E) was the short ex- 
pression of all the relations involved ; s and I, the absolute 
size of the system and the relative position of the element 
with respect to some fixed points, were independent variables ; 
E was a constant, namely, the prospective potency, with 
special regard to the proixjrtions embraced by it* 

We shall now study the significance of the factor E, 
Wliat does this E meao ? Is it a short expression 
merely for an actual sum of elemental agents having a 
common resultant? And, if so, of what kind are these 
agents ? Or what may E mean, if it can be shown rwt to 
be a short sign for a mere sum ? 

No Explanation Ofered hif " Mmm " or " F(mnaiwe Stimuli " 

For practical purposes it seems better if we modify the 
statement of our question. Let us put it thus : E is one 
of the factors responsible, among variables, for the localisa- 
tion of organic difTerentiation ; what then do we actually 
know about the causal factors which play a localising part 
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in oiganogeBesis ? We, of course, have fco look back to our 
well-studied ''formative stimuli.*' These stimuli, be they 
*' external " or '* iiiternalj" come from without with respect to 
the elemeBtary organ in which any sort of diiferentiation, 
and therefore of localisation, occurs : but in our harmonious 
systems no localising stimulus comes from without, as was 
the case, for instance, in the formation of the lens of the 
eye in response to the optical vesicle touching the skin. 
We know absolutely that it is ao, not to speak of the self- 
evident fact that the general "means" of organogenesis 
have no localising value at alL* 

So we see there is nothing to be done, either with 
the means or with the formative stimuli ; both are entirely 
unable to account for those kinds of localisation during 
differentiation which appear in our harmonious aystema. 

But is there no possibility of explaining the phenomena 
of organogenetic loadssation by any other sort of iutemction 
of parts ? Two such possibilities may at the first glance 
seem to exist 



' One might object here th&t in a piece of a TaJftdaria stem, for insUnee, 
the tissues are in direct contact with the sea-water at the two points of the 
wouoda only, and Ihat at the»e verj points a stimDluA iiuKht he sat itp— «ay 
bjr * proei!S» of diifusloti— which gradually decreaites in iiiteuaity on its way 
inward. And a ^ImilaT argument might apply to the snvall bnt whole 
hlastuta of Echintis^ and to aU oilier easoa. But, in the firat place, attmuli 
which on]y differ i» intensity could hardly e*^l f^^rth the typical and typically 
lotiftliied single featurtf« reaibed in diffcirentiatlou. On the other hand — 
and thin will overthrow such an hypothi^is conipletely— the dc|)6tkdence of 
the 8in;:le localisi^d effects in every case on the abs&luU ifizt of the frag- 
ment or piece chosen for restoration renders ^niU imiwasible the asaumptiou 
that all the singularities in the dtircr^utiation of the harmonious aystema 
might bo called forth by single stimuli originating in two tixetl places in an 
imiti^kdetil way. Thcae would never teaiilt in any ** harmonious/' any 
pToportiotiate structure, hut a stnictura of the - ' normal " proportionality 
and 9m at iti two ends and non^jtisteut in the middle I 
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iVa ^^danaiimi Offcrtd by a Chemiml Thmry 

of Marphorjim^sU 

Though naver set forth ia the foini of a properly worked- 
out theory, the view has aometimes been advocated by 
biologists, that a chemical compound of a very high degree 
of complication might be the very basiB of both development 
and inheritance, and that such a chemical cnmpound by its 
disintegration might direct morphogenesis. 

Let U3 first examiBe if such a view may hold for the 
moat general features of organic morphogenesis. It seems 
bo me that from the very beginning there exists one very 
serious objection to every chemical theory of form-bnildingp 
in the mere fact of the possibility of the restoration of form 
starting from atypical localities. The mere fact, indeed, 
that there is such a thing as the regeneration of a leg of a 
newt- — to say nothing about restitution of the harmonious 
type — simply contradicta/ it seems to me, the hypothesis, 
that chemical disintegration of one compound may govern 
the course of morphogenetic events: for whence comes 
the re^existence of the hypothetical compound, newly to 
be disintegrated, after disintegration has been completed 
once already ? And we even know that regeneration may 
go on several times rumiing from the same locality ! 

1 Soe my article in Bioi&g. CenlralbUUt, 27 » 1&07, p. 69. The qiteslian h 
renderi?d hIHI more compljcAtied by the f^ct th&t In the case of the regener^* 
titin, say, of n leg it is not the original *' morphogenetic compound*' which 
is igtin required for disintegration, after it has became clisint^grated onci^ 
Almuiyi but only a specific p&rt of it : juBt that part of it which in D^oaoarj 
for prodHcing the leg 1 On the other hand, it would be impossible to und^r- 
fitand, ou thu hasifi of phjBJcal chemistry^ ho^- tb<^ isolate branchial ap^mratus 
of Ula.vfUi7ia could be transformed, by chemical processes exctasiTttly^ into 
a system of which only a. ci^rlam pfart conaista of that substance of which 
the itarting'point hid been coinpos«<l In its cmnp 
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But, if we inteationally disregard this diflBculty, in spite 
of its fundamental character, how could the hypothesis of 
cliemical disintegration give the reason for the difierentia- 
tion of our harmonious-equipotential systems, with epecial 
regard to the localisatiou of it ; how could it account, in 
other words, for the ai*peai"ance of typically localised speci- 
lications in an organ for which no external localising causes 
can be predicated ? 

Let us remember that a few original intimate dififerencea 
exist in our harmonious systems : the main directions of 
the intimate protoplasmic structure including polarity and 
hUaterality* There are therefore three times two specified 
poles in each of these systems, at least in bilateral organisms, 
but no other differences are present in them. A few very 
simple cases of harmonious diflerentiation might indeed be 
understood on the theory of a disintegrating chemical com* 
pound in connection with these few differences. Imagine 
that the original compound, of the quantity a, is disintegrated 
to the amount of a^ ; from Oj are formed the two more 
simple compounds, b and c^ both of them in definite 
quantities; then we have the three chemical individuals, 
a^%, b and c, as the constituents of our harmonious system ; 
and it now might be assumed, without any serious difficulty, 
though with the introduction of some new hypotheses, that 
the two poles of one of the fundamental axes of symmetry 
attract h and c respectively, a^a^ remaining uuattracted 
between them. We thus should have the three elementary 
constituents of the system separated into three parts, and 
as they all three are of a definite quantity, their separation 
would mean that the system had been divided into three 
parts, a — flj, b and e, also with regard to its proper form. 
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It is clear, that by taking away aoy part of the original 
system, by means of operations, there would be taken away 

a certain amount of the original compound; my that - 

n 

is left; then, of course, the three constituents after the 

partial disintegration would be -, - and - » and so it 

n n 71 

follows that the proportionality of localisation would really 

be preserved in any case. 

But these considerations, evident as they seem to be in 

the most simple case, fail to satisfy in a really general 

senBe: for two different reasons. First, they could never 

account for the fact that the differentiated organism by no 

means consists of so many different compounds as it shows 

single parts of its differentiation, but that, on tlie contrary, 

it only consists, as we know, of a certain rather limited 

number of true different morphogenetic elements, these 

elements occurring again and again — as for instance, nervous 

or muscular elements— but typical each time in locality, 

quantity, and form. And in the second place, the very 

foTTii of elementary organs, their fonn as such, does not at 

all go hand-in-hand with chemical differences ; this featui e 

alone would absolutely overthrow any sort of a chemical 

morphogenetic tlieory to account for the problem of 

locaUsatiou. Take the typically arranged ring of the 

mesenchyme cells in our Echinus-gastrula, with its two 

apherical triangles^ so typically localised ; look at any sort 

of skeleton, in Kadiolaria, or in starfishes, or in vertebrates : 

here you have form, real form, but form consisting of only 

one material. Not only is the arrangement of the elements 

of form typical here, e.g. the arrangement of the single 



EXPERIMENTAL MORPHOGENESIS 



137 



parta of the skeleton of the hand or foot, but also the 
special form of each element is typical, i.^. the form of 
each single bone of the foot; and, on a purely chemical 
theory of morphogenesis the sufficient reason for the 
production of typical form in such a sense would be want- 
ing. For atoms or molecules by themselves can only 
account for form which is arranged, so to speak, according 
to spatial geometry— as in fact they do in crystallography ; 
but they can never account for form such as the skeleton 
of the nose, or hand, or foot. You will ai^wer me perhaps, 
that there may be non-chemical agents in the germ,^ re- 
sponsible for typical form-localisation, but by such reasoning 
yon would be departing from a purely cbemical theory* 
Our next paragmph will be devoted to this side of the 
question* 

That is the principal reason for rejecting all sorts of 
chemical morphogenetic theories put forward to explain the 
problem of localisation ■ it is more explicit, and therefore, 
I suppose, still more convincing than the more general ood- 
sideration tliat the very fact of restitutions in itself must 
contradict the hypothesis that a disintegration of compounds 
might be the directive agency in morphogenesis. To sum 
up : Specificity of organic form does not go hand-in-haud 
with specificity of chemical composition, and therefore cannot 
depend on it ; and besides that, specific organic form is 
such that it can never be explained by atomic or molecular 
arrangement in the chemical sense; for, to state it in a 
ihort but expressive manner, the " form " of an atom or 
molecule can never be that of a lion or a monkey. To 



' Beside* th© speciJied polea determined by the polar-biltttoral ■tracture 
«r the ppjtdplosni. 
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assume that would be to go beyond the limits of chemistTy 
in chemistry itself'. 



No Machine Fos»ibk Inside the Mamwuiau^ Systems 

And now we turn to the last poBaibility which is left 
to ua in our endeavour to " understand '* the localisation of 
the differentiation in our harmonious-eqiiipotential systema 
by the means of physics and chemistry. Outside causes 
have failed to account for it, chemical disintegration of a 
compound has failed too. But could there not exist some 
sort of complicated interactions amongst the parts of the 
harmonious system themselves ? Could there not exist 
some kind of a real machine in the system, which, if once 
set going, would result in the differentiations that are to 
take place ? Then we might say that the '* prospective 
potency " of the system is in fact that machine ; we should 
know what the letter E of our equation stood for : viz., 
a resultant action of many complicated elemental inter- 
actions, and nothing more, 

Weismann, we know already, had assumed that a sort 
of machine was the prime mover of morphogenesis. We 
have seen that hia theory cannot be true ; the results of 
experiments moat strongly contradict it. But, of course, 
the experiments only showed us that s«^A a machine as Af 
had imagined to exist could not be there, that development 
could not be governed by the disintegration of a given 
complicated structure into its simplest parts* But might 
not some other machine be imaginable ? 

We shall understand the word " machine *' in a moat 
general sense. A machine is a typical configuration of 
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physical and of chemical conBtituents. by the acting of which 
a typical effect ia attained. We, in fact, lay nmch streBs 
upon embracing in our definitioii of a machine the exiatenee 
of chemical coostitiientja also ; we therefore understand by 
the word *' machine *' a configuration of a much higher degree 
of complication than for instance a steam-engine is. Of 
course a machine, whose acting is to be typical with regard 
to the three dimensions in space, has to be typically con- 
structed with regard to these three dimensions itself; a 
machine that was an arrangement of elementa in a strict 
plane could never have typical effects at right angles 
to that plane. This is a point which must well be kept 
in mind in all hypothetical considerations about machines 
that claim to explain morphogenesis. 

It must be granted that a machine, as we understand 
tlie word, might very well be the motive force of organo- 
genesis in general, if only normal, that is to say, if only 
uBdisturbed development existed, and if a taking away of 
parts of our systems led to fragmental development. 

But we know that, at least in our harmonious- 
equipotential systems, quite another process occurs after parts 
have been taken away : the development that occurs is not 
fragmental but whole, only on a smaller scale. 

And we know, further, that this truly whole develop- 
ment sets in irrespective of the amount and direction of the 
separation. Let us first consider the second of these points. 
There may be a whole development out of each portion of 
the system — above certain limits — which is, say, of the 
volume F, Good ! Then there ought to exist a machine, like 
that which exists in the whole undisturbed system, in this 
portion V also, only of smaller dimensions; but it also 
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ought to exist in the portion F| which is equal to F in 
amounts and also in Ky, in 1% V^ and so on. Indeed, 
there do exist almost indefinitely many F„, all of which 
can perform the whole morphogeoesifl, and all of wliich 
therefore ou§fhi to possess the machine. But these different 
portions V^ are only partly different from each other in 
spatial relation. Many parts of F^ are also parts of K, and 
of Vg and of F4, and so on ; that is to say, the different 
volumes V^, overlap each other successively and in such a 
manner that each following one exceeds the preceding one 
in the line by a very small amount only. But what then 
about our machines? Every vohime which may perform 
morphogenesis completely must ]K>sBess the machine in its 
totality. As now every element of one volume may play 
any possible elemental role in every other, it follows that 
each part of tbe whole harmoaious system possesses any 
possible elemental part of the machine equally well, all 
parts of the system at the same time being constituents of 
different machines, 

A very strange sort of machine indeed, which ia the 
same in all its parts (Fig. 14) I 

But we have forgotten, I see, that in our opemtion 
the absolute amount of substance taken away from the 
system was also left to our choice. From this feature 
it follows that not only all the different V^, all of the 
same size, must possess the hypothetic machine in its 
completeness, but that all amounts of the values V^ — n^ 
n being variable, must possess the totality of the machine 
also : and all values F„ ~ », with their variable n, may again 
overlap each other. 

Here we are led to real absurdities ! 
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But what is the conclusion of our rather wild considera- 
tions ? 

It seems to me that there is only one conclusion 
possible. If we are going to explain what happens in our 
harmonious-equipotential systems by the aid of causality 
based upon the constellation of single physical or chemical 
factors and events, there must be some such thing as a 
machine. Now the assumption of the existence of a machine 
proves to be absolutely absurd in the light of the experimental 



V/ V? V3 



X 
Fio. 14.— An " HauconiouS'BQUipotcntial Ststuc " or wratbvbr kind. 

According to the " iiutchine*theory " of life thia system ought to possess a certain unknown 

very complicated machine in iU oompUteiusi : 
(a) in its totel length, 

and (b) in each of the equal volumes v, 9|, vs, vj and so on, 

and (c) in each of the unequal volumes w, x, y, and so on, 

and (d) in every imaginable volume, no matter of what size. 
Therefore the " machine-theory " of life is absurd. 

facts. There/ore there can be neither any sort of a machine 
nor any sort of catisality based upon constellation underlying 
the differentiation of harmonious-equipotential systems. 

For a machine, typical with regard to the three chief 
dimensions of space, cannot remain itself if you remove 
parts of it or if you rearrange ^ its parts at will. 

Here we see that our long and careful study of morpho- 
genesis has been worth while : it has afforded us a result 
of the very first importance. 

' The pressure experiments and the dislocation experiments come inta 
account here ; for the sake of simplicity they have not been alluded to in the 
main line of our argument. 
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The Atdonomy of Morphogmms Provui 

No kind of c&uBality based upon the constellations of 
single physical and cheauciJ acts can account for argamc 
individual development ; this development is not to be 
explained by any hypothesis about coufiguration of physical 
and chemical agents. Therefore there must be something 
else which is to be regarded as the sufficient reasoD of 
individual form-production. We now have got the answer 
to our qaestion, what our constant E consists in. It ia not 
the resulting action of a constellation. It ia not only a 
short expression for a more complicated state of affairs, 
it expresses a true eleTnetU of nature. Life, at least morpho- 
genesis, is not a Bpeeialised arrangement of inorganic events ; 
biology, therefore, is not applied physics and chemistiy : life 
is something apart, and biology is an independent science. 

All our results at present, indeed^ are negative in their 
form; our evidence was throughout what is called per 
exdimomm, or indirect or apagogic. There were excluded 
from a certain number of possibilities all except one ; a 
disjunctive proposition was stated in the form : E is either 
ibis, or that, or the other, and it was shown that it could 
not be any of all these except one, therefore it was proved 
to be that one. Indeed* I do not see how natural science 
could argue otherwise; no science deaUng with inorganic 
phenomena does; something new and elemental must 
always be introduced whenever what is known of other 
elemental facts is proved to be unable to explain the facta 
in a new field of investigation. 

We shall not hesitate to call by its proper name what 
we believe we have proved about morphogenetic phenomena. 
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What we have proved to be true has always been called 
idtaium, and ao it may be called in our days again. But 
if you think a new and less ambitioiiB term to be better 
for it, let UB style it the doctrine of the autonomy of lift, 
BB proved at least in the field of morphogenesis* I know 
very well that the word " autouomy *' usually mextns the 
faculty of giving laws to oneself^ and that in this sense it 
19 applied with regard to a community of men ; but in our 
phrase autonomy is to signify the hmmg mihjtcitd to laws 
peculiar to the phenomena in question. This meaning is 
etymologically defensible, and besides that I perhaps may 
remind you of a certain chapter of Professor Ward's Giflbrd 
Lectures, in which he holds the view that^ psychologically 
and epistemologically, there is more than a mere verbal 
relation between the civil and the natural '* law/' 

Vitalism then, or the autonomy of life, has been proved 
by us indirectly, and cannot be proved otherwise so long as 
we follow the lines of ordinary scientific Teasoning, There 
can indeed be a sort of direct proof of vitalism, but now is 
not the time to develop this proof, for it is not of the purely 
scientific character, not so naive as our present arguments 
are, if you choose to say so. An important part of our 
lectures next summer will be devoted to this direct proot 



But shaU we not give a name to our vitalistic or 
autonomous factor E, concerned in morphogenesis ? Indeed 
we wil], and it was not without design that we chose the 
letter E to represent it provisionally. The great father 
of systematic philosophy, AristotJe, as many of you wiU 
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know, ifl also to be regarded as the founder of theoretical 
biology. MoreoYer, he is the first vitalist in history, for 
his theoretical biology is throughout vitalism ; and a very 
conscious vitalism indeed, for it grew up in permanent 
opposition to the dogmatic mechanism maintained by the 
echool of Democritua, 

Let us then borrow our terminology from Aristotlej and 
let that factor in life phenomena which we have shown to 
be a factor of true autonomy be called Enldtthy, though 
without identifying our doctrine with what Aristotle meant 
by the word ivr^Kk-^tia, We shall use this word only as a 
sign of our admiration for his great genius; his word is 
to be a mould which we have filled and shall fill with new 
contents* The etymology of the word hT^y(^^m allows us 
such liberties, for indeed we have shown that there is at 
work a something in life phenomeua " which bears the end 
in itself," & e;^€t h kavr^ rh reXo?* 

Our concept of entelechy marks the end of our analysis of 
individual morphogenesis. Morphogenesis, we have learned, 
is " epigenesis " not only in the descriptive but also in the 
theoretical sense : manifoldness in space is produced where 
no manifoldness was, real *'evolutio" is limited to rather 
insignificant topics. But was there nothing "manifold" 
previous to morphogenesis? Nothing cert^tinly of an 
tsti^tmi^t character, but there was something else ; there was 
entelechy, and thus we may provisionally call entelechy an 
"tn/eTmiM manifoldntm!* That then is our result: not 
evolutio, but epigenesia — " epigenesis vitalistica " 
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Som€ Genial Remarks on Vitalism 

We now shall leave entelech j where it gtands : aext 
summer we shall turn back to it and shall make its full 
logical and ontological analysis our chief study. At present 
we are satisfied with haying proved its existence in nature^ 
with having laid some of the foundations of a doctrine to be 
based upon it I hope that these foundations will evince 
themselves strong: that is all*important.^ It indeed has 
been the fault of all vitalism in the past that it rested on 
weak foundations* Therefore the discussion of the basis 
underlying our doctrine of the autonomy of life is to occupy 
us still a considerable time. We shall devote to it two 
more of this year's lectures and three of the next j we shall 
examine all sorts of phenomena of life in order to find out 
if there are any further proofs of Wtalism, independent 
perhaps, of what we way call our Jirsi proof, which is based 
upon the analysis of the difftrerUiaiion of harmonimis-tqui- 
poi€7U%al ^skTm, We shall find some more independent 
proofs; and besides that we shall find many kinds of 
phenomena upon which future times perhaps may erect 
more of such independent proofs. 

For we shall be chary of bestowing the name "proof*' 
except on what is a proof indeed, of course according to our 
critical conviction, Vitalistic views in biology have arisen 

^ My " firet proof ot Titaliira " wtts flrtt d«7elap«d in tbe pftper, ** Did 
LocatisBttoti iiiorpbag6Detbcfa£!r Vorgangi?/' Leipzig, ISStl. (See additiDual 
remarkB in Orffanuche Ee^iati&ttem^ Leipzig^ 1901 ^ and in AreMv fiir 
BntmtkelungwmeckamUc^ 14, 1902.) I catrnot admit that any really serious 
objection has hmn brought forward agunst iL (See my articles in Bioiogischti 
Omira^laU, 22t 23, 27; and in Mrgebnim^ d, AwMi^ u. ^nivndbelungtgach. 
H, 14.) An biatorical aketch ot Titsallim will bi found iti mj book, Dcr 
t'^italmnus uU Getchiehie und als Lehrc, Leipzig, 1905, 

lo 
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in mther numerous forms during the last fifteen years, 
especially in Germany — though in very strong contxast to 
the Bo-called official German biology — but I can only admit 
that one of all the arguments of " neo-vitalism " has proved 
its statements* I refer to the theory of ** niorphaeathesia ** as 
developed by Noll, which we shall study briefly in the next 
lecture. I cannot concede that Beinke or Bchneider or 
Pauly have really proved ^hat they believe, and I can- 
not even allow to the most original thinker in this field, 
Gustav Wolff, that he has given a real demonstration of his 
views. He states that the existence of so-called " primary 
purposefulness;' that is, the existence of adaptive processes, 
wliich cannot be imagined to have arisen on Darwinian 
principles, is able to prove vitalism ; but I say that it only 
proves teleology, which is a broader concept than vitalisnL 
The possibility of a machine at the root of the phenomena 
in question always has to be excluded in order that vitalism 
may be proved, and I cannot grant that the necessity of 
mch an exclusion has been actually shown by any of my 
fellow-eombatants against so-called mechanism, except Noll/ 

The Logic of our Fird Proof of Vitolism 

Let us devote the end of our present lecture to an 
account of the logical means by which it has been possible 
to develop what we hope will be regarded as a true p-oof 
of life autonomy. 

Firstly, we have looked upon the phenomena of 

^ Wo are dealmg liere with morpliogetjcsia and io-caUud vegetative 
pliysiologj oftly ; to csftrtaiu psych ologiata, wbo hive refuted the theory of 
iRiVeho' physical pamlleUsm, t nmit grant that they also hnve i>roved 
vitalism. {Sm Volume Ih) 
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tuorpliogenesis without any prepossessions; we may say 
that we have iully surrendered ourselves to them; we have 
not attacked tbem with any sort of dogmatism except the 
inherent dogmatism of all reaaoning. But tlus dogmatism, 
if it may be called bo, does not postulate that the results of 
the inorganic doctrines must hold for the organic world, but 
only that both the inorganic and the organic must be 
Bubject to certain most general principles. 

By studying life as a given phenomenon, by fully 
devoting ourselves to our problem, we not only have 
analysed into its last elements what was given to us as 
our subject, but we also, more actively; have created new 
combinations out of those elements : and it wan from tlie 
iliacussion of these |K}3itive constructions that our argument 
for vitalism was derived. 

We have analysed morphogenesis into eleuieutary pro- 
cesses, means, potency, formative stimulus, just as tlie 
physiciat analyses mechanics into time, velocifcy, mass, and 
force ; we have then rearranged our elements into *' systems " 
— the etiuipotential systems, the harmonious - equi * 
potential system in particular, just as the physiciat composes 
his elements into the concepts of momentum or of kinetic 
energy or of work And finally, we have disc^nssed our 
^compositions and have obtained our result, just as the 
physicist gets his ultimate results by discussing work and 
kinetic energy and momentum. 

Of course the comparison is by no means intended to 
show that mechanics and biology are sciences of the same 
kind. In my opimou, they are not so at aU ; but neverthe- 
less there do exist similarities of a logical kind between them. 

And it ifl not the formal, logical chamcter alone which 
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allows as to compare biology with other natural sciences: 
there is still something more, there is one kind of assump- 
tion or postulate, or whatever you may choose to call it, 
without which all science whatever would be altogether 
impmsihlc, I refer to the concept of umvcrmlitt^. All 
concepts about nature which are gained by positive con- 
struction out of elements resulting from analysis, claim to 
be of unimrml vcUidU^; without that claim there could 
indeed be no scienca 

Of course this is no place for a lecture on methodology, 
and it therefore must suffice to make one remark with 
special regard to our purpose, which we should like to 
empliasisa Our concept of the harmonious -equipotential 
system — say rather, our concept of the prospective 
potency itself — presumes the understanding that indeed 
all blastomeres and all stems of Tuhalaria^ ioclnding those 
upon which we have not carried out our experiments, 
will behave like those we have experimented with; and 
those concepts ako presume that a certain germ of Echinus, 
A, the blastomeres of which were not separated, would have 
given two whole larvae, if separation had taken place, while 
another germ, B, which actually gave us two larvae after 
separation, would only have given one without it. Without 
this presumption the concept of ■* potency *' is meaningless, 
and, indeed, every assumption of a " faculty " or a 
"possibility" would be meaningless in the whole area of 
science. 

But this presumption can never be proved \ it can only 
be postulated. It therefore is only with this postulate that 
our first proof of vitalism holds \ but this restriction applies 
to m^ery law of nature. 
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I cannot force you to agree with this postulate : but if 
you decline you are practically saying that there exists a 
sort of pre-established harmony between the scientific object 
and the scientist, the scientist always getting into his hands 
such objects only as have been predestinated from the very 
b^inning to develop two larvae instead of one, and so on. 

Of course, if that is so, no proof of natural laws is 
possible at all ; but nature under such views would seem to 
be really dsemonia 

And so, I hope, you will grant me the postulate of the 
universality of scientific concepts — the only "hypothesis" 
which we need for our argument 



PTAIK OTHER Features of JM0RPHOGE2fESis 
Advocating rrs AuTONOi^nr 

ludies oil the physiolo^ of form will be 
he first place to some additional remarks abont 
lis-equipotentlal systems themselves, and about 
|inds of morphogenetic "systems" which show 
of relationship with them. For it is of the 
Irtance that we should liecoiiie as familiar as 
IM those f\icts in the pliysiology of form upon 
lif which are to be baaed almost all of the 
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of our problems of morpbogenesis and their solutions, will 
be the best preparation for the philosophical part of these 
lectiirea 



HARMOKlOUS-EQUirOTlNTlAL SYSTEMS FORMED BY 

WANDERING CELLS 

All of the harmonious-equipotential systems which we 
have studied so far were the bases of histological 
differentiation ; that is to say, the processes of their 
dLSerentiation consisted in specifically localised elements 
of theura becoming different in sUil Kow we know at 
least one type of systems which also may be called 
harmonious-equipotential, but the difterentiation of which 
does not simply relate to elements at a fixed place* An 
additional phenomenon enters here into the sphere of the 
others. The elements not only become diflferent where 
they are, but a specific chai»ging of locality, a specific kind 
of wandering, goes hand-in-hand with ditferencea relating 
to the prospective value to be attained. I am speaking of 
the formation of the larval skeleton of our well -known 
Echinus, We know that the mesenchyme cells, which have 
left the blastodenn and are arranged in a sort of ring of 
bilateral structure, are the starting-point of this skeleton : 
it indeed originates in a sort of secretive process on the 
^rt of the cells ; the cells are moving about aod are 
secreting carbonate of lime during their wandering. The 
experimenta now ha%^e shown, as we know, that a whole, 
though smaller, skeleton may also be formed, if only 
a half or a quarter of the mesenchyme cells are present, aa 
happens to be the case in all experimenta with isolated 
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blastomeres of the two or lour-cell stage of cleavage. It 
is clear that in these cases the performance of each single 
cell must be different from what it is in the normal case, and 
that the same sort of differences in the raorphogenetic 
performances appears again, if the two- and the four-cell 
stage are compared with each other. And there are still 
some other phenomena showing the possibility of different 
performances being carried out by the individual cells. 
Peter has shown that the number of meseuchyme cells 
may vary enormously under certain conditions; but, in 
spite of that, the skeleton always will be complete. It 
may be said that this line of research is only of a relative 
value to our own questions, as, of course, variability relates 
to different individuals : but it seems to me that it adds a 
very good supplementary instance to what the experiment 
on the individual itself has established. 

We should only be repeating ourselves if we were to 
analyse again what happens here as the expression of 
the harmonious-equipotentiality itself. But indeed there 
occurs something new iu this instance : the single mesen- 
chyme cell not only has to perform in each case that single 
act of specific secretion which the case requires, but it also 
has to wander to the right place in order to perform it ; 
thefe must be some order, not only about the acts of 
secretion after wandering, but also in the migrations them- 
selves. If undisturbed ontogeny alone were possible, and 
if therefore a theory like that of Weismann were in place, 
we might say perhaps that each mesenchyme-cell is specified 
not only as to its performance in secretion^ but also with 
regard to its chemotactical irritability, the latter being 
typicaUy localised, so that its effect becomes typical, thanks 
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to the typical arraiigenient of aJl the cells with respect to 
each other. But that is certainly not the caae Now, you 
may ask youtBelves if you could imagine any sort of a 
maohine^ which consists of many parts, but not even of an 
absolutely fixed number, aU of which are equal in their 
faculties, but all of which in each single case, in spite of 
their potential equality, not only produce together a certain 
typical totality, but also arrange themselves typically in 
order to produce this totality* We ar$ indeed familiar 
with certain occurrences in nature where such curious 
facts are observed, but I doubt if you would speak of 
'* machines '* in these eases. The loiesenchytae-cellB, in 
factj behave just as a number of workmen would do who 
are to construct, say, a bridge. All of them can do every 
single act, all of them also can assume every single position r 
the result always is to be a perfect bridge; and it is to 
be a perfect bridge even if some of the workmen become 
Bick or are killed by an accident. The " prospective values " 
of the single workman change in such a case. 

I well know that it is only an analogy which T aiu 
offering to you. The mesenchyme-cells have not ** learned," 
have no ** experience." All that is to occupy ua next 
summer. But in spite of it, there is truth in the analogy ; 
and perhaps you will prefer it to the merely abstract 
consideration. 



ON CERTAIN COMBIKED TYPES OF MOEPHOGKNETIG SYSTEMS 

For the sake of completeness it may be remarked, only 
by the way, that the type of the proper harmonious- 
equipotential system may go hand in hand with another 
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type of " systems '* which play a i>art in morphogenesis ; a 
type which we have shortly mentioned already and which 
will be studied fully a few chapters later. We know that 
there are equipotential systems with complex potencies : that 
16 to say, systems which may produce a w^hole organism 
equally well from any one of their elements ; we know the 
immbium of Phanerogams to be such a system. Now it ia 
easily understood that the genn of our Echinus, say in the 
8tag@ of two or four or eight cleavage cells, is not only an 
harmonioiifl-equipotential system, but a complex -equipotential 
system too. Not only may there arise a whole organism 
out of ^ or I- or j:^, ^, f i %> ^ of its elements^ in which cases 
the liarmonious role of the single element with regard to 
its single performance in a totality is variable, but there 
may also arise four whole single larvae out of the four cells 
of the four-cell stage, or eight single whole larvae out of the 
eight-cell staga* In these cases, of course, each of the 
four or eight elements has performed not a part of the 
totality, changing with its "position" but the totality 
itself. With respect to these possible performances the 
" systems " present in the four or eight-cell stages of cleavage 
must be called complex -equipotential ones. 

We propose to give the name of miad'efnipotentmi 
sT^stems to all those equipotential systems which, at the 
same time, may be regarded as belonging to the harmonious 
or to the complex type. It is not only among cleavage- 
stag^ that they are to be found ; you may also find them 
very clearly exhibited in our ascidian Clavelliim for instance. 

' The «ight Itrvac would b« iDcomiikte iu mxn^ reaptsct, bul not witli 
regftrd to symmetry* Tbey would be '* whole " ouest only nbowiug cej-t*m 
dtfeota in their orginisntiou. Sec i*gi* 65 Doto 1, and imge 73. 
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We know already that the branchial appamtua of this form 
is typically harnionious-equipotential, but it is complex- 
eqiiipotential too, for it also may regenerate what is wanting 
io the proper way, by a budding from the wound ; and the 
same is true of many other cases, the fiatworm Pkmarm for 
instance. 

Another type of systems, whicli might be said to be of 
a higher degree, is exUibited in some very strange phenomena 
of regeneration. It was first shown moat clearly by some 
experiments of Godlewski*s that a whole tail may be 
regenerated from a wound inflicted on the body of a 
newtj even if this wound invoh^es section of only a 
jKirtion of the body'diameter. Section of the whole of the 
body'diameter ^of course would cause the formation of the 
whole tail also ; but it was found that even an incomplete 
cross-section of the body is capable of performing the whole 
on a smuUer scale. The series of possible cross-sections 
which are all capable of r^eneration would have to be 
called a system of the complex type in this case; but, 
now we learn that every single eross-section is of the 
harmonious type, we must speak of com-plex-harnKmims 
systeTus, What w© have described is not the only in- 
stance of our new type of niorphogenetic systems. Some 
other instances had been discovered a few years earlier, 
though nobody had pointed out their true significance. 
In the llatworm PimiaHa a partial croaa-section is also 
capable of forming a whole structure, say a head, and 
all cases of so-called " super -regeneration " after the 
infliction of a complicated wound probably belong here 
also. 

You may say that our two additions to the theory of 
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systems are mei^ely formal, and indeed I &m prepared to 
concede tbat we shall not learn anytlnn^' altogether new 
from their discuesion : their analysis would lead either to 
what was our "'first proof" of the autonomy of life- 
phonomena or to what will be our " second *' one. But the 
mere descriptions of the facts discovered here will interest 
you, I think, and will fill your minds with more vivid 
pictures of the various aspects of form-autonomy* 

While dealing with our harnioaions-equijKJteutial systems 
as the etardng- points of processes of restitution, e.^. in 
Tniidaria, Clavdlitia, the tlatworms, and other instances, 
we always have regarded cross-aections of the body as 
constituting the elements of equipotentiality. Now croBS- 
sections, of course, are by no means simple in themselves, 
but are made up of very difliereut tissues, which are 
derivates of all three of the original germ layers- 
ectoderm, mesoderm, and endoderm. Owing to this com- 
posite character of the croaS'Sections, taken as elements of 
harmonious systems, a special phenomenon of morpho- 
genesis is presented to us, which teaches somewhat more 
than the mere concept of harmonious-equipotentiality can 
express* If composite elements concerned in morpho- 
genesis result in one whole organisation in spite of the 
development of the single tissues of these elements going 
on independently, then there must be a sort of corre* 
spondence or reciprocity of the harmonious development 
among these tissue constituents themselves; otherwise a 
proportionate form could not be the final result. We may 
conveniently speak of a recipracUy of harmony as existing 
between the single tissues or germ layers which constitute 
many harmonious-equipotential systems, and there can be 
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little doubt that we have here an important featmx^ wjtii 
regard to general morphogenesis.^ 

A few other groups of morphogenetic facts may fiod 
their proper place here, though they are not properly to be 
regarded as additions to the theory of harmonious systems 
but as foraiiug a sort of appendix to it. 

THE ** MOHPHAESTaESiA *' OF NOLL - 

We may briefly mention that group of botanical 
phenomena, by which the botanist Noll has been led to 
the concept of what he calls " morphaesthesia/* or the 
'* feeling*' for form; a concept, the full discussion of which 
would lead to ahnost the same conclusions as our analysis 
of the harmonious systems has done. In the Siphoneae, a 
well-known order of marine algae with a very complicated 
organisation as to their exterior form, the protoplasm which 
contains the nuclei is in a constant state of circulation 
round the whole body, the latter not being divided by 
proper cell-walla. On account of this constant movement 
it is certainly impossible to refer morphogenetic localisation 
to definite performances of the nuclei. Nor can any sort 

^ Eeoiprocal harmony mny be nKluo«d in »ome casiea to the giren pro- 
porttoiu of one original hannonioua syBtem, Tiotu whkli t!i« alngle eonstitaenta 
of tbe corapUc&tad ayat^rm, shovrioj^ roclprvcd. hsrmoDj', jltq deHred. Then 
wo haye odIjt an inaUince of ^'harmonj of coQatoUaCion " {net |>. 109). But 
reaiprofial harmony aeems to l>i!«Dme & problem itself, if it o<?cnn» in 
restitntiona stmrting from quite s typical point, selected by the erpc rim enter. 
It will be a f problem of future ri^Hearch to gire an exact fonnnla pf wlut 
happens here. Keciprocal Jmrmony alio oi^etirs in regenerfttion protiep. It ia 
kttown that tlie formation of the rogeuerativff bud and the diOeretitiatioti 
of thi» bad foUow earh other, Aa the bud la composed of diflerent elementary 
systems, it foHowa that these different ay sterna, of which every aiugle one ia 
bannoDioiia« ftlao hare to work in reciprocity to each other, in order thnt 
one whole proportionate fonfiation may result. 

* Biol. CcntmWiaU. 23, 1903. 
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of structure in the outer prot^iplasmic layer, wliicli is fixed, 
be responsible for it, for there m no such structure there : 
hence there must be a sort of feeling on the part of the 
plant for its relative body localities, and on account of 
this feeling morphogenesis occurs. This " feeling *' is styled 
" morphaesthesia " by Noll, and to it he tiies to refer all 
sorts of di0erent botanical form-phenomena,^ for instance 
what is called ^'autotropiam" that is, the fact that branches 
of plants always try to reassume their proper angle with 
regard to their orientation on the main axis, if this orienta- 
tion has been disturbed* It may be an open question if 
this particular application of the theory is right : certainly 
there seems to be much truth in the establishment of the 
concept of morphaesthesia, and we only have to object to 
its psychological name. But that may be done in a more 
geneml form on a later occasion, 

RRSTTTUTIONS OF TUK SICQXD OROER 

In the hydroid polyp Tubularia, already familiar to us 
^iB being a most typical representative of the harmonious- 
equipotential systems, a very interesting phenomenon has 
been discovered ', almost unparalleled at present but never- 
theless of a general importance, a plienomenou that we may 
call a restitution of a restitution, or a restitution q( the 
second order You know that the first appearance of the 
new head of Tuhularia, after an operation, consists tn tlie 

* Certaiti plieaomeDa of tho physiology of growth of (/cranium Itoberitmiumf 
rtJc^nUy diacuaaed by France? from a vitalistic point of view {Zdilsekr. Eniw. 
hhn. 1, 1907, Heft h%), miglit &\m belong ImsPB. I cannot see wa indepfiodent 
proof of vitaliatn in th^ae fs^ta if taken by tbemi^jlves ; a prft-existing 
•* rnacbino " cannot be abajolutely eicluded here, 

^ Dnescb, An^. Bnlw, Mtxh. 5, 18fi7. 
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formation of two rings of red lines, inside the stem, these 
riBga being the primordia of the new tentacles, I removed 
the terminal ring by a second operatioij soon after it had 
arisen, disturbing in this way the process of restitution 
itself: and then the process of restitution itself became 
Tegulated, The organisux indeed changed its course of 
morphogenesis, which was serving the purposes of a 
restitution, in order to attain its purpose in spite of the 
new disturbance which had occurred. For instance, it some- 
times formed two rings out of the one that was left to it, 
or it behaved in a difterent way. As this difference of 
morphogenetic procedure is a pix)blem by itself, to be 
discussed farther on, we shall postpone a fuller description 
of this case of a restitution of the second degree. 

At present I do not see any way of proving independently 
the autonomy of life by a discussion of these phenomena ; 
their analysis, I think, wotild again lead us to our problem 
of localisation and to nothing else; at least in such an 
^xact form of reasoning as we demand. 



ON TUB " KQUIFINALITY " OK liKisTlTOTlONS ^ 

I have told you already that Tiihilarla in the pheno- 
mena of the regidation of restitutions offers us a second 
problem of a great general importance, the problem of 
the Ffpiijinalitp of BssHtuUons. There indeed may occur 
i-estitutions, starting from one and the same initial state and 
leading to one and the same end, but using very dilferent 
means, following very different ways in the diSerent 
individuals of one and the same sj>ecies, taken from the 
jame locality, or even colony. 

> Untsuih, Ji^i, EMw, Meek, 14, Id02. 
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Imagine that you have a piece of paper before you and 
wish to sketch a landscape. After drawing for some time 
you notice that you have miscalculated the scale with 
regard to the eize of the paper, and that it will not be 
poeaible to bring upon the paper the whole of the landscape 
you want. What then can you do? You either may 
finish what you have begun to draw, and may afterwards 
carefully join a new piece of paper to the original one and 
use that for the rest of the drawing ; or you may rub out 
all you have drawn and begin drawing to a new scale ; or 
lastly » instead of continuing as you began, or erasing:; 
altogether, you may compromise as best you can by draw- 
ing here, and erasing there, and ao you may complete the 
sketch by changing a little, according to your fancy, the 
proportions as they exist in nature. 

This is precisely analogous to the behaviour of our 
Tuimtaria, Tuhularia also may behave in three difterent 
ways, if, as I described to you, the terminal one of its two 
newly arisen rings of tentacle primordia is removed again. 
It may complete what is left, say the basal tentacle ring, 
then put forth from the homy skeleton (the *' perisarc '') the 
new head as far aa it is ready, and finally complete this 
head by a regular process of budding regeneration. But it 
also may behave differently. It may " erase " by a process 
of retro-diflerentiation all that has been left of what had 
already been formed, and then may form de iwvo the 
totality of the primordia of a new head. Or, lastly, it 
may remove a part of the middle of the one ring of tentacle 
rudiments which was left, and may use this one ring for 
the formation of two, which, of course, will not be quite in 
the normal relatione of place with regard to each other and 
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to the whole, but will be regulated afterwards by procesaee 
of growth. Thus, indeed, there is a sort of eqiiifinality of 
restitution ; oue starting- pointp one end, but three different 
means and ways. 

It would, of course, contradict the principle of uni* 
locality, as we shall see more fully later on, to assume 
that there actually are different ways of regulation whilst 
all the conditions and atinmli are the same. We are 
obliged to assume, on the contrary, that this is not the 
case, that there are certain differences in the constellation, 
say of the general conditions of age or of metabolism, 
which are responsible for any given individual choosing 
oue process of restitution instead of another; bnt even then 
the phenomenon of equifinality remains very striking. 

It has long been known that restitution in general does 
not alwaye follow the same lines of morphogenesis as 
are taken by ontogeny, and it was this feature that once 
led Ronx to point out that the adult forms of organisms 
seem to be more constant than their modes of origin. But, 
comparing ontogeny with restitution in general, we see that 
only the ends are the same, not the points of starting; 
the latter are normal or non-typical in ontogeny, atypical in 
restitution. In the new discoveries of an equihnality of 
restitutions we have the same starting-point, which is 
decidedly non- typical but atypical, ie. dependent on our 
arbitrary choice, leading by diffkrefU ways always to the 
smrn end. 

There may be many who will regard the fact of 
eqnifinality as a proof of vitalism, I should not like 
to argue in this easy way; I indeed prefer to include 
part of the phenomena of equifinality in our first proof 

II 
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of autouomy, aod pait in the second on^ which b to 
follow. 

Another important phenomenon of the equifiuaUty of 
regulation was discovered by Morgan, A species of the 
flatwonn Planaria was found to restore ite totality out of 
small pieces either by regeneration proper, if the pieces 
were fed> or by a sort of rearrangement of material, on the 
ba£]is of its barmonious-equipotentiality, if they were kept 
fasting. It is important to note that here we see one of 
the conditions determining the choice of the way to 
restoration, as we also do in the well-known equifinal 
restitutious of the root in plants, where the behaviour of 
the organism depends on the distance of the operation* wound 
from the tip.* In Tvhvlatia the actual stage of restitution 
that has been already reached by the stem when tha second 
operation takes place, may account for the specification of 
its future organogenesis, but this is not at all clearly 
ascertained at present. 

Clavdlirm also shows equifinality in its restitution, as 
has already been shortly mentionei The isolated branchial 
apparatus may restitute itself by retro-diSerentiation to an 
indifferent stage followed by renovation ; or it may regenerate 
the intestina-sac in the proper way. Nothing is known 
here about the conditions, except perhaps that young in- 
dividuals seem more apt to follow the first of these two 
ways, older ones the second ; but there ai^ exceptiouB to 
this rule. 

The discussion of other instances of equifinality, though 

* The root may b« restored bj regeneration proper, or bj the production 
of adveatitious roots, or bj one af the side- roots changing its geotrepiam from 
horizontal to pouitive, according to the amaller or greater di&tano« of the 
wonad from the tip. 
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important in theujBelveB, would not disclose anything 
fundamentally new, and bo we may close the subject with 
the remark that nothing can show hetter than the fact 
of the equifinality of restitutionfi how absolutely inadequate 
all our scientific conceptions are when confronted with the 
actual phenomena of life itself* By analysis we have found 
differences of potencies, according as they are simple or 
complex ; by analysis we have found differences of " syetema/' 
differences of means, and indeed we were glad to be able to 
formulate these differences as strictly as possible : but now 
we see how, in defiance of out discriminations, one and the 
same species of animals behaves now like one sort of our 
" systems/' and now like the other ; how it uses now one 
sort of " potencies," now another. 

But even if it is granted that, in the presence of such 
phenomena of life, our endeavour seems to be like a child's 
play on the shores of the ocean, I do not see any other 
way for us to go, so long, at least, as our goal is human 
Bcienca — that is, a study of facte as demanded by our mentd 
organisation. 



REMARKS ON " KETBO-DIFFEREJJTIATION " 

We shall finish this part of our studies by mentioning 
a little more explicitly one fundamental fact which has 
already entered incidentally into our considerations, viz- 
reiro- or back-difirentiaiion} We know that it occurs in 
ClavdliTui and in SSiindaria; we may add that it also 
happens in Hydra, and that in the flatworm Planaria the 
pharynx, if it is too large for a piece that is cut out. 



^ ** Retro "differentiation, of course, is not ** Ra "^differentiation (•*Um- 
diff©r«iuiemng," see p. Ill), thougli it maj help it to ooour. 
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may be differentiated back and be replaced by a new 
pharynx, which is smaller. 

It is not death and sloughing of parts that occurs in 
these caseSi* but a real process of active morphogeneais ; not, 
however, a process consisting in the production of visible 
manifoldness, but the opposite. Loeb was the first to lay 
much stress upon this topic, and indeed, there may appear a 
very strange problem in its wake: the problem, whether 
all morphogenesis might be capable perhaps of going 
bftckwards under certain conditions. 

It is important to note that in most* cases retro- 
diifercntiation occurs in the service of restitution : it goes 
on whe^ver restitution requires it This fact alone would 
show that not very much could be explained here by the 
discovery of modern chemistry, important as it is, that one 
and the same " ferment " or " enzyme " may afi'ect both the 
composition and the decomposition of the same compound* 
We could regard what is called "catalysis" solely as an 
agent in the serv^ice of entelechy. But this point abo will 
become clearer in another part of the work. 

^ Of coarse inch A. real decay of |«rts intiy h&]>[ien m ether cjises. 
> CertAin caaes of retro-dia^rentiation oocnmug uBd«r ootidltiotifi of striet 
faHtin^ will be deaciibecl in n later chapter. 
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We have finished our long account of individual morpho- 
genesis proper. If we look back upon the way we have 
iraversedf and upon tboee topics in particular which have 
yielded us the most important general reaulte, the 
material for the liigher analysis wluch is to follow^ it 
must strike us, I think, that all these results rdate to 
regulations. In fact* it is ** secondary *' fonn-r^ulations, 
according to our terminology, that we have been study- 
ing under the names of eqniJinality, back-differentiationy 
restitution of the second order, and so on, and our harmonious- 
equipotential systems have figured most largely in processes 
of secondary form-regulations also. But even where that 
has not been the case, as in the analysis of the potencies of 
the germ in development pit>per, form-regulations of the 
other type have been our subject, regulations of the primary 
or immanent kind, the connection of normal morphogenetic 
events being regulatory in itself. It was not the pheno- 
menon of organic regulation as such that aflbrded us the 
possibility of establishing our proof of the autonomy of 
morphogenesis: that possibility was aJTorded us by the 

analysis of the distribution o! potencies; but upon this 

1CJ5 
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distribution regiUation is based, and thus we may be aaid 
bo have studied some types of rogulatioii more or less 
indirectly when analysing potencies. 

It therefore seems to me that we shall have hopes of a 
anccessfid issue to our inquiries, if we now, on passing to 
what is called the physiology of the vegetative functions, 
proceed to focus our attention on the concept of regulation 
as such. And that 'is what we shall do ; on our way 
through the whole field of physiology, we shall always stop 
at any occurrence that has any sort of regulatory aspect, 
and shall always ask ourselves what this feature hat to 
teach us. 

But let U3 first try to give a proper definition of our 
concept. We shall understand by "regulation*' any occurrence 
or group of occurrences on a living organism which takes 
place after any disturbance of its organisation or normal 
functional state, and which leads to a reappearance of this 
organisation or this state, or at least to a certain approach 
thereto. Organisation is disturbed by any actual removal 
of parts ; the functional state may be altered by any change 
among the parts of the organism on the one hand, by any 
change of the conditions of the medium on the other ; for 
physiological functioning is in permanent interaction with 
the medium. It is a consequence of what we have said 
that any removal of parts also changes the functional state 
of the organism, but nevertheless organisation is more than 
a mere sum of reactions in functional life* All regulations 
of disturbances of organisation may be called rtstUutioTis, 
while to regulations of functional disturbances we shall 
apply the name adaptatwm^ It is with adaplations that we 
have to deal in the following. 
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Let us begin our studies of adaptations in a field which 
may justly be called a connecting link between morphogenesis 
and physiology proper, not yet wholly separated from the 
science of the organic form, morphology. 



|L Morphological Adaptation 

adapialian is a well-e&tabliahed fact, and 

lentiOD the striking differences between the 

Ir form of amphibious plants, or the difierences 

lame species of plants in the Alps and in the 

Ivery different aspect of the arms of an athlete 
letic, to recall to your memory what is meant 



peal adaptation is no part of individual 
proper, but oecurt^ at the end of it ; at least 
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to tbe study of pknta. There exist very many external 
fomaative atimnli in the morphogenesis of vegetation : 
would it then be possible to regard every effect of such 
AU external formative stimulus as a real morphological 
adaptation ? No ; for that would not meet the point. 
The general hnrfimny of fonn is indeed concerned if gravity 
forces roots to shoot forth below at a spot where they can 
enter the ground, or if light induces branches and leaves 
to originate at places where they can obtain it for assimik^ 
tion ; but gravity and light themselves are mere formative 
stimuli — ^of the localising type — in these instances, for 
they relate only to the individual production of form, not 
to the functioning of already existing form. We therefore 
are warned not to confuse the effects of formative stimuli 
from without with real adaptive effects until we have fiilly 
analysed the particular case. 

We have drawn a sharp line between causes and means 
of morphogenesis, applying the term " means " to those con- 
ditions of the morphogenetic process which relate neither to 
the specificity nor to the localisation of its constituents, 
though they are necessary for the accomplishment of the pro- 
cess in the moat thorough manner. Would it be possible to 
connect our new concept of an adaptation with our well- 
established concept of a means of morphogenesis in such a 
way that we might speak of a morphological ** adaptation " 
whenever any specific feature about morphogenesis proves 
to be immediately dependent for its success on some specific 
means, though it does not owe its localisation to that means 
as its *' cause " ? It seems to me tliat such a view would 
also fall wide of the mark It is well known, for instance, 
that the flowers of many plants never fully develop in the 
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dark ; light is necesaary for their toorphogenesis. Is, there- 
fore, tijeir growth in the presence of light to be called a 
morphologieal " adaptation " to light ? Certainlj not : they 
simply cannot originate without light, because they require 
it for some reason* It ia preciaely here that our conception 
of light a3 a '* means *' of morphogenesis is moat fiilly justi- 
fleet There are many ^ such cases ; and there are still 
others of an apparently different type, but proving the 
same. All pathological forma produced in plants by animal 
parasites or by parasitic fungi could hardly be called adapta- 
tions, but must be attributed to some abnormality of means 
or of stimuli. It may be that the organism reacts as well 
as possible in these cases, and that if it reacted otherwise 
it would die^ — we know absolutely nothing about this ques* 
tion. But even then there would only be some sort of 
regulation in the process of pathological morphogenesis, but 
the pro€€S8 itself could hardly be called adaptive. 

So far we have only learned what is not to he regarded as 
morphological adaptation* No response to external fonna- 
tive stimuli is in itself an example of adaptation, nor are 
processes dependent for their existence on any kind of 
condition or means to be called^ simply because they are 
dependent on them, adaptations to those agents. What then, 
after all, is a morphological adaptation ? 

Let us remember what the word adaptation is really to 
mean in our discussions : a state of functioning is adapted — 



* Elebfl has suppressed the reproductive phase of organisation altogether, 
iu fungi fta well as in llowering filants^ or ha>i tn^dt it occur abuonn^Dy early, 
merely by changing the " extemal coaditioris *' and bj altering tha " tutenial *' 
onei correspondingly. There m hardly anything like an adaptation in these 
caaes^ which, by the way, ofler certain dlfhcuUies to analjalB, as the boundarioa 
between '* (aiuse "and ^* means " are not very aharp here. 
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E state of functioning must therefore liave been disturbed ; 
but as functioning itself, at least in plants, certainly stands 
in close relations to the medium, it foUows that all adapU- 
tions are in the last resort connected with those factors of 
the medium which afl^ct functioning. In being correctives 
to the disturbances of functioning they become correctives 
to the disturbing factors themselves. 

But again, the question seems to arise whether these 
factors of the medium, when they provoke an adaptation 
by some change that is followed by functional disturbance, 
do 80 in the capacity of " causes " or of " means," and eo 
it might seem that we have not gained very much so far 
by onr analysis. The reproach, however, would not be quite 
justified^ it seems to me: we indeed have gained a new 
sort of analytical concept, in the realm of causal concepta 
in general, by clearly stating the point that adaptations are 
related directly to functionality, and ouly indirectly, through 
functionality, to external changes. By the aid of this logical 
formulation we now are entitled to apply the term " cause/' 
in our restricted sense of the word, to every chauge of the 
medium which is followed by any sort of adaptation in 
regard to itsilf* Our definition stated that a " cause " is 
«my one of the sum of necessary factors from without that 
accounts either for the localisation or for the specification 
of the effect, and the definition holds very well in this 
case. Indeed, the specification of the effect is determined 
by the outside factor in every case of an adaptation to it, 
by the meiB/mi of ita being a specific adaptation to this 
specific factor. 

We must not forget that in this chapter we are not 
studying real individual morphogenesis as the realisation 
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of what has been inherited, but that at present wa regard 
morphogeneBiB proper as an accomplished fact Morpho- 
genesis proper has laid the general lines of organisation ; 
and now adaptation during the functional life, so to speik, 
imposes a second kind of organisation npon the firBt It 
is for that reason that the meaning of the word *• cause " 
is now hecomiog a little different from what it waa 
before. 

In order to stndj a little more in detail what has been 
discovered about morphological adaptation in animala and 
plants, let us separate our materials into two groups, one 
of them embracing adaptations with regard to functional 
changes from without, the other adaptations to those 
functional changes which come from the very nature of 
functioning* Almost all uf our previous general con- 
siderations have applied to the former group, with which 
we shall now proceed to deal 



AnAPTATIONS TO FUUCTIONAL CHANGES FROM WITHOUT 



The diflerences between plants grown in very dry air, 
very moist air, and water, respectively, are most distinctly 
seen in all the tissues that assist in wliat is called 
transpiration, that is, the exchange of water-vapour between 
the plant and the medium, but especially in the epidermis 
and the conductive fibres, both of which are much stronger 
in plants grown in the dry. Indeed, it seems from ex- 
periments that transpiration is the most essential factor 
to which '* adaptation " occurs in amphibious plants, though 

^ Comp*» H«rbat, Bioi, CmMralbl 15, IBH ; and Detfco, Die Th^&ruder 
direkUn Anptj^mtng^ JenOf 1904. A foil acoount of the literstuix' will be 
found in these p&l>eni. 
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the changes of the mechanical conditions according to the 
medium also seem to have some sort of structural effect. 
If plants stand very deeply in water, the conditions of 
illumination, so important for assimilation in plants, may 
have been altered, and therefore much of the structural 
change can be attributed also to them. It is unimportant 
in our general question what is due to one of these factors 
and what to the other. That there is a real sort of 
adaptation cannot be doubtful ; and the same is true, aa 
experimental observations of the last few years have shown, 
with regard to the structural difterences between so-called 
sun -leaves and shade-leaves of plants grown in the air: 
It has been actually shown here that the functional life 
of the former goes on better in the sun, of the latter better 
in the shade. 

It is very important to emphasise this point, as the 
adaptive character of all sorts of structural differences in 
plants dependent on light and on moisture has lately been 
denied, on the supposition that there is only a stopping of 
organogenesis in the case of the more simple, a continuance 
in the case of the more complicated modification, but 
nothing else. Indeed, all morphological adaptation has 
been conceived as only consisting in differences dependent 
upon the absence or the presence of necessary means or 
causes of development, and as offering no problem of its 
own* We have gained the right position from which to 
oppose this argument, it seems to me, in our formula that 
all adaptations do relate not directly to the agents of the 
medium, but to changes of functional states induced 6y 
those agents ; that adaptations only are " adaptations *' by 
being correctives to the functional state. 
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There simply is an "adaptation" of stmcture in »tidi> 
a sense in all the cases we have mentioned* We can say 
neither more nor leas. Granted that one of the outaide 
factors which cornea into account is merely a necessary 
" means " : then why is the histological consequence of the 
presence of the means an actual adaptation to it as far 
as its relation to functioning is conceraed — why is the 
consequence of its ahsence also an adaptation to this absence 
in its relation to functioning ? Why, to complete the series, 
is the degree of the consequence of its presence an adapta- 
tion to the degree of its presence ? 

All tiiese relationships, which are so many facts, have 
heen absolutely overlooked by those who have been pleased 
to deny morphological adaptation to functional change 
from without. 

To do full justice to them we may speak of '* primary " 
regulative adaptations in all the cases mentioned above, 
applying the word " primary," juet as was done with regard 
to restitutions, to the fact that there is some sort of 
regulation in the normal connection of processes. We 
reserve the title of ** secondary adaptations " for cases such 
as those described, for instance, by Vdchting/ where not 
merely one and the same tissue originates adaptively with 
regard to the degree of its normal functioning, but where 



^ Ydchiing {Jt^rk %ais». Boi. 34, 1S99) forced the bolbs of plants to 
be<K»infi IMtrts of th« stem, »nd parta of tlio atem to form hvlht ; in both cases 
the moAt chara^-temtic chaiigea in hiHtolcigj could be Qbs«nr«d, being in part 
adaiitailons, but id fiart restitutio na of the proper type. (Soe abo my 
Ort^nischi Jkgulationen^ 1901, p. 84.) A true and simple instance of a 
'* Secondary ddapiation " iseems to be furnished iti a eiiso df sen bed by 
BoiriTant. In li&binia all the l^fleta of a leaf-atalk were out off i the leaf- 
stalk itati'lf thi^n changed ita stnicturp in order to aagiat assimilation « and also 
form^ Tea) Btomata. 
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a profouod disturbance of all functiociog connectionSp due 
to the removal of portions of the organisation, m followed 
hy histological changes at absolutely abnormal localities; 
that is, where a real change of the kitid of functioning is 
the consequence of the adaptation^ It, of course, will he 
found very difficult to discrimiriate such phenomena from 
real restitutions, though logically there exists a very sharp 
line between them. 

A few more concrete instances may now dose this 
account of adaptation to functional changes coming from 
without Though almost all the adaptive characters in 
the aquatic forms of amphibious plants represent a less 
complicated state of oi^anisation than the corresponding 
structures in their terrestrial forms, and therefore have 
wrongly been regarded as simply due to a stopping of 
morphogenesis for want of necessary means, yet there are 
a few of them that are positive complications in compariaon 
with the land-forms: the so-called aerenchyme, especially 
well developed in the water-form of Jussiaea is such an 
instance. This tissue stands in the direct service of 
respiration, which is more difficult to be accomplished under 
water than ordinarily, and represents a true adaptation to 
the altered function. 

AmoDg animals there is only one well-studied instant 
of oar first type of adaptive morphological characters. 
Scdrnnandra atra, the black salamander, a species which only 
inhabits regions at least two thousand feet above sea-level, 
does not bring forth its young until metamorphosis has 
taken place. The larvae, however, may be removed from 
the mother's body at an earlier stage and forced to complete 
their development in water. Under these circumstances^ 
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as was shown in an excellent memoir bj KammBrer,' thay 
will cliange the whole histological type of their giUs and 
skin in order to meet the new functional conditione. 
The change of the conditions of functioning is very severe 
here, for whereas the gUls had aerved for nutrition and 
respiration in the uterus — by a process of endosmosia — 
they now serve for respiration only, and, of course, are 
surrounded by quite an abnormal chemical medium. 



But all other cases of morphological adaptation among 
animals, and several in the vegetable kingdom too, belong 
to our second group of these phenomena, which in our 
analytical discussion we have called adaptations to functional 
changes that result from the very nature of functioning, 
and which we shall now csall by their ordinary name, 
** functional adaptation." 

It was Ronx who first saw the importance of this kind 
of organic regulation and thought it well to give it a dis- 
tbguishing name. By functionhtg the organisation oforgamc 
Umm becames better adapted for fuiwlimting. These words 
describe better than any others what happens. It is well 
known that the muscles get stronger and stronger the more 
they are uged, and that the same holds for glands, for 
connective tissue, etc. But in these cases only quantitative 
changes come into account We meet with functional 
adaptations of a much more complicated sad important 



» Arth. Mnim. MmH, 17. Ifi04. 

^ Boux, ^esammei^ AhlmndMngtny vol, L 1895 i, ia particukr, Ifer Kampf 
d$r T^Utim Organitmut^ Leiprig^ 1881, 
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kind, when for instance, as shown by Babdk,' the intestine 
of tadpoles chsBges enormously in length and thickness 
according as they receive animal or vegetable focwi, being 
nearly twice as long in the second case. Besides this the 
so-called mechamcal adaptations are of the greatest interest. 

It has long been known, especially from the discoveries 
of Schwendener, Julius Wolfif, and Roux, that all tissues 
whose function it is to resist mechanical pressure or 
mechanical tension possess a minute histological structure 
specially suitable to their requirements. This is most 
markedly exhibited in the stem of plants, in the tail of the 
dolphin, in the arrangements of the lime lamellae in all 
bones of vertebrates- All these structures, indeed, are such 
as an engineer would have made them who knew the sort 
of mechanical conditions they would be called upon to 
encounter. Of course all these sorts of mechanically 
adapted structures are far from being "mechanically ex- 
plained/* as the verbal expression might perhaps be taken 
to indicate, and as indeed has sometimes been the opinion 
of uncritical authors. The structures exist for mechanics, 
not 6y it. And, on the other hand, all these structures, 
which we have called mechanically *' adapted " ones, are far 
fixjm being mechanical " adaptations," in our meaning of the 
word, simply because they are " adapted,*' Many of them 
indeed exist previous to any functioning, they are for the 
most part truly inherited, if for once we may make use of 
that ambiguous word. 

Buti the merely descriptive facts of mechanical adapted- 

* Ardi. EtUw. MttK 21, 1900. By a rery deUiled compfltntive study 
Babdk was able to |>rt)ri; that it is tho plant prot«ida to which tb« elTect of 
iregeta^ble food ia chiefly due ; thus wc^ bave an adapUtioo to digflslibility. 
Mechanical circumstances are only of Bocondary importaDce. (3e« atso Vimg*) 

12 
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ness having b^en aacertainedj there have now been discovered 
real mechanical processes of adaptations also* They occur 
among the statical tissues of plants, though not in that very 
high degree which sometimes has been assumed to exist ; 
they ako occur in a very high perfection in the connective 
tissue, in the muscles and in the bone tissue of vertebrates. 
Here indeed it has proved possible to change the specific 
structure of the tissue by changing the mechanical condi- 
tions which were to be withstood, and it is in cases of heal- 
ing of broken bones that these phenomena have acc^uired 
a veiy great importance, both theoretically and practically : 
the new joints also, which may arise by force of circumstances, 
correspond mechanically to their newly created mechanical 
function. 

So far a short review of the facts of *' fuuctioneUe 
Aupassung." They seem to prove that there does exist a 
morphological adaptation to functional changes which result 
from the very nature of functioning. In fact, the actual 
state of all functioning tissue, the intensity of its state of 
existence, if you care to say so, may be said t*i be due 
to the functioning itself: the so-called atrophy by in- 
activity being only one extreme of a very long line of 
correspondences.^ 

We now, of course, have to ask ourselves if any more 
intimate analysis of these facts is possible, and indeed we 
easily discover that here also, as in the first of our groups of 
morphological adaptations, there are always single definite 
agents of the medium, which might be called " causes *' or 
-' means ** of the adaptive effects, the word *' medium " being 

* Atrophy of muscles by mactivity U not to be confused witli atroiihy by 
cattittg the motor tter?e ; the Utt«r ia vory much more complete. 
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taken as embraciog everything that 38 external to the 

reacting cells. But of course also here tlie demonettation 
of single formative agents does not detract in the least from 
the adaptive character of the reactioa itself* So we may 
say, perhaps, that localised pressure is the formative stimulus 
for the secretion of skeleton substance at a particidar point 
of the bone tissue, or of the fibres of the connective tissue ; 
the merely quantitative adaptations of muscles might even 
allow of a fitill more simple explanation.^ But adaptations 
remain adaptations in spite of that ; even if they only 
deserve the name of " primary " regulations. 



THEOHETICAL CONCLUSIONS 

We have stated in the analytical introduction to this 
chapter and elsewhere, that functional changes^ which lead 
to morphological adaptations of both of our groups, may 
arise not only from changes of factors in the medium, but 
also from a removal of parts. As such removal is generally 
followed by restitution also, it is clear that restitutions and 
adaptations very often may go band in hand^ as is most 
strikingly shown in a fine series of experiments carried out 
by Vochting, which we have already alluded to. Here a^n 
I should like to lay the greatest stress upon the fact that, 
in spite of such actual connectious, restitutions and adapta- 
tions always have been separated from another theoretically, 
and that the forms are never to be resolved into sums of 
the latter. Such a view has been advocated by some recent 

* Loeb hax advocated the view thnt tbe *'ftdAptive" (jrqwth <>f working 
tnQ9cte< U simply due la lh<? prescnee of & greater number of molecules iu 
their protopiaBn], niu^^uliir ti'tiritj heiog generated by a proeesa of cheoucA) 
decompoaitioD. 
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authors, especially by Klebs, Holmes^ and Child : * it is 
refuted I thittk hj the simple fact that the first phase of 
fivery process of restitution, he it regeneration proper or 
be it a Bort of harmoniouja diflerentiatioo, goes on without 
functioning at aU, and only for future functioning*^ 

And there has been advocated still another %iew in 
order to amplify the sphere of adaptation : all individual 
morphogenesis, not only restitution, is adaptation, it has 
been said. In its strictest fonn such an opinion of course 
would simply be nonsense : even specific adaptive structures. 
such as those of bones, we have seen to originate in ontogeny 
previous to all specific functions, though for the help of 
them, to say nothing of the processes of the mere outHning 
of organisation during cleavage and gastrulation. But they 
are '* inherited " adaptations^ it has been answered to such 
objections. To this remark we shall reply in another chapter- 
It is enough to state at present that there is a certain kind 
of, so to speak, architectonic morphogenesis, both typical and 
restitutive, previous to specific functioning altogether. 

If now we try to resume the most general results from 
the whole field of morphological adaptations, with the 
special purpose of obtaining new material for our further 

" Whit hoa been reaUj proved to ciiat by tbe vety careful studies earned 
out by Child, ia ouly cDrtain e&sefi of functiotjjU adaptatbo to mecbanical 
conditions of the strictest kind, and relating to tbe general mobility only^ hut 
nolhisg more ; aucL adaptations can be said to accompany rastitutioD. See, 
for inatance, Jourfi. exp. Zool, S, 1906| where Child htis givcu a summary of 
bift theory. 

^ Even in Vdohting*a eiperimetits (s^ pag^ 174, note 1), in wMch adapta- 
tions are mixed with true reatitutiona in tbe ckaeat possible manner, a few 
phtsBotnena of tbe latter type oculd most clearly be £Q|iarated. The stimulua 
which called them forth mTist have been one of the hypothetic sort aDud«d 
to in a former chapter (aee page ] 13). The bast inatani^ea of true restituttona 
were offered in those e&sai^ where, alter the removal of all the bulbi, typical 
•tarch- storing ^\U were formed without the presence of any starch. 
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philosophical analysis, we have reluctantly to confess that, 
at present at least, it does not seem possible to gather any 
new real proof of life-autonomy, of " vitalism," from these 
facts, though of course also no proof against it. 

We have stated that there ia in every case of both our 
types of adaptive events a correspondence between the 
degree of the factor to which adaptation occurs^ and the 
degree of the adaptive effect. We here may speak of an 
anmuering between cause and effect with regard to adapta- 
tion, and so perhaps it may seem as if the concept of an 
" answering reaction '* (** Antwortsreaktion '% which was 
introduced into science by Goltz ^ and which is to play 
a great part in our discussions of next summer, may come 
into account: but in oar present cases "answering" only 
exists between a simple cause and a simple effect and relates 
aUnost only to quantity and locality. There is therefore 
lacking the most important feature, whiclu as will be seen, 
would have made the new concept of value. 

We only, I believe, can state the fact tlmt there are 
relations between morphogenetic causes and effects which 
are adaptations, that functional disturbances or changes are 
followed by single histogenetic reactions from the oi^nism, 
which are compensations of its disturbed or changed 
functional state* We are speaking of facts here, of very 
strange ones indeed. But I feel unable to formulate a real 
proof against all sorts of mechanism out of these facts: 
there mi^ht be a machine, to wliich all is due in a pre* 
established way. Of course we should hardly r^ard such 
a machine aa very probable, after we have seen that it 
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eanmt exist in other fields of morphogenesiB. But we are 
Bearching for a new and independent proof; and that is 
indeed not to be found here,' 

At present it must be taken as one of the funda- 
mental fcu^s of the or^nogenetic harmony, that the cells 
of function iDg tissues do possess the faculty of reacting to 
factors which have changed the state of functioning, in a 
way which normalises this state histologically. And it is 
a fact also that even cells, which are not j-«t functioning 
but are in the so-called embryonic or indifferent conditiau 
contributing to the physiological completion of the tissue, 
react to factors embracing new functional conditions of the 
whole in a manner which leads to an adaptation of that 
whole to those conditions* 

This is a very" important point in almost all morphologi- 
cal adaptation, whether corresponding to functional changes 
from without or resulting from the very nature of function- 
ing. In fact, such cells as have already finished their 
histogenesis are, as a rule, only capable of changing their 
si2;e adaptively, but are not able to divide into daughter- 
cells or to change their histological qualities fundamentally ; 
in technical terms, they can only assist " hypertrophy " but 
not " hyperplasia.*' Any adaptive change of a tissue there- 
fore, that implies an increase in the number of cellular 
elements or a real process of histogenesis, has to start from 
"indifferent" cells, that is to say, cells that are n4)t yel 
functioning in the form that is typical of the tissue in 
question J and, strange to say, these "embryonic" cells — 



* The *'&eooiidiirj' adaptations '* observed by VochUug arts loo complicated 
and too much mt ogled wttli restitutions to aUow aay definite analysis of the 
imt of the *' secondary adaptation " as «ach. 
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i,e. the " cambium " in higher plants and many kinds of 
cells in animals — can do what the functional state requires. 
It is to be hoped that future investigations will lay a 
greater stress upon this very impoitant feature of all 
adaptation. 
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are these *^ processes " a priori regarded fta being physical 
or chemical tltenisdvrs : indeed, we have learned that in one 
large field, in the diiferentiation of our barmonious systems 
they certainly are not. Now, if the metabolism does not 
end in any change of visible form, then true physiological 
processes, or more particularly physiological regulations, are 
going on before us. But we are dealing with morphogenetic 
events or regulations, if the result of metabolism ia marked 
by any change in the constituents of form. This however 
may depend on rather secondary differences as to the nature 
of regulation itself, and any kind of metabolism may really 
be of the regulatory type, whether we actually see its result 
as a constituent of form, e^ff, owing to the production of 
some insoluble compound, or whether we do not 

I do not mean to say that these are the only differences 
between mere physiological activities or regulations and 
orgauogeuesis proper, as an originating of typical form- 
combination ; but if we regard, as we do in this chapter, 
the given organisation of a living being as a substratum 
of its functional life, morphological and physiological 
adaptations are indeed of almost the same logic^il order. 

We had best therefore begin our discussions with a 
recapitulation of our problem* We are studying adaptations 
in functioning — that means we want to know how the 
organism behaves with regard to any change which may 
take place in its functional Btate» We apply the tenu 
r^ulation^ or in particular adaptatioUp to any kind of 
reaction on the part of the organism which re-establishes 
the normal state of functioning, and we now want to leani 
to what degree such adaptations exist in the field of 
physiolpgy. 
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BPECIFIG ADAPTIDNESS ^^0T ** ADAPTATION " 

It is important to keep well in miod our strictly 
formulated theme, as by doing so we shall be able to 
exclude at once from our materials a large group of 
phenomena which occasionally have been called regulations 
by physiological authors^ but which, iu fact, are not of the 
adaptation type and therefore cannot be said to aftbrd those 
problems which possibly might have been expected* Typical 
peculiarities in functional lile cannot be called " regulations *' 
for this very reason* If, for instance, the organism selects 
specific amounts of specific kinds of organic food or of salts 
out of the combinations of salts or organic food normally 
offered to it in the medium, as indeed is most typically 
shown for instance by the roots of plants, there cannot be 
said to occur a " regulation '' or '* adaptation '' with regard 
to the permeability of the cell, nor is it strictly a caae of 
" regtilation," if so-called selective qualities are discovered in 
the processes of secretion, say of the epithelium of the kidney. 

AH these facts are typical and specific peculiarities in 
functioning which are duly to be expected, where a very 
typical and specific organisation of the moat elaborated kind 
exists. Indeed, after studying such an organisation we 
must not be astonished that functions in organisms follow 
lines which certainly they would not have taken without it* 
Take the fact which is quoted very often, that the migra- 
tion of compounds or of ions in the organisms can happen 
quite contrary to all the laws of osmosis, from the leas 
concentrated to the more concentrated side of a so-called 
*' membrane/' There is no simple *' membrane " in the 
organism, but a complicated organisation of an almost 
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unknown character takes its place, and nothing, indeed, is 
against the assiunption tljat this organisation may include 
factors which actually drive ions or compounds to the side 
of higher concentration, which indeed drive them hy " doing 
work/' if we like to speak in terms of energy ; and these 
factors included in organisatioii may very well be of a true 
physical or chemical nature/ 

I lay great stress upon these statements, bb I should like 
to be as careful as possible in the admission of anything 
like a *' proof*' of vitalism. It was want of scientific 
criticism and rigid logic that discredited the old vitalism ; 
we must render our work as difficult as possible to our- 
selves, we must hold the so-called *' machine theory *' of life 
a.*5 long as possible, we must hold it uatil we are really 
forced to give it up. 

In a more general form we now can sum up our 
discussion by saying: There never are adaptations in 
physiology, requiring any special aualysiB, where them are 
only complicatioQs or even apparent deviations from the 
purely physico-chemical type of events which are, ao to 
say, statical, ie. fixed in quantity or quality, however 
peculiar or typically complicated they may be; all such 
peculiarities indeed, may properly be called *' adapted/' that 
is to say^ very well fitted to perform a specific part in 
the service of normal geneml functioning, and they are 
'* adapted ** to their part by virtue of a certain *' adapted* 
uess *' of the organisation ; but they are not " adaptations " 
in any sense of the word. 

^ Accoidhig to invei!»tlgiitiuuii ol' the last two y&ar»p the pli^ic^a of coUoida 
ieema to play as importaut a jNirt in physiology *s oecmoids doe* ; we hert 
me«t ''ineftua'* of functioning just mt w« h&ve ftlnadj had *'moAa»" of 
OTganogeitesiA, 
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PRIMARY AND SECONDAKY ADAPTATIONS IN PHYSIOLOGY 



We approach the subject of true adaptations^ that i.^, of 
adapting processes, as soon as any kiud of variation in 
functioning occnra which corresponds to a variation of any 
factor of the medium in the widest sense. But even here 
our work is by no means done by aimply showing such a 
correspondence of outer and inner variations. We know 
very well already, from our former studies, that now we are 
faced by a further problem, that we are faced by the 
question whether we have to deal with simple priiiiarj^ 
kinds of adaptations or with the far more important 
secondary ones. 

As the discrimination between primary and secondary 
regulations proves indeed to be of first-rate importance, you 
will allow me, I hope, to summarise our cliief analytical 
statements regarding them in a most general form* We call 
primary regulatory any kind of morphogenetio or functional 
performance, which, by its very intimate nature, always 
serves to keep the whole of organisation or of functions in 
its normal state. We call secondary regulations all features 
in the whole of morphogenesis or of functioning which serve 
to re-establish the normal state after disturbances along lines 
which are outside the realm of so-called normality. This 
analytical discrimination will help us very much to a proper 
understanding of physiology. But before we turn to apply 
our definitions to actual facts, another preliminary problem 
has to he solved. 
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ON CERTAIN FRE-REQDISITE8 OF ADAFTATIOKS IN GBNEBAL 

We are thinking of the general and important question, 
what types of adaptationg may be exp^ted in the field of 
physiology and whether there may be certain classes of 
regulatory events which possibly might be expected to occur 
in the organism on a priori grounds, but which, never^ 
tbeless, are to be regarded aa impossible after a more 
intimate analysis of its nature, even at the very beginning ? 
Or, in other words, to what kinds of changea of the medium 
will an organism be found able or unable to adapt itself ? 

We know that the state of fmictimiintj must be altered 
in order to call forth any sort of adaptation at alL Kow, 
there can be no doubt that a priori it would seem to be 
very useful for the organism^ if it never would let enter into 
ite blood, lymph, etc., be it through the skin or through the 
intestine, any chemical compound that would prove to be a 
poison afterwards In fact, a man, judging on the principle 
of the general usefulness of all the phenomena of the living, 
might suppose that there would exist a sort of adaptation 
against all poisons to the extent that they would never be 
allowed to enter the real interior of the body. We know 
that such reasoning would he incorrect* But we also can 
understand, I suppose, that an a priori analysis of a more 
careful kind would have reasoned diflferently. How could 
the functional state of the organism be changed, and how, 
therefore, could adaptation be called forth by any factor of 
the medium which had not yet entered the organism, but 
was only about to enter it ? Not at all therefore is such a 
regulation to be expected as we have sketched ; if there is 
to be any adaptation to poisons, it only can occur after the 
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of reactions are possible on the same substratum, whicb 
increase with r^ard to one process whilst decreasing at 
the same time with regard to the other. The irritability 
of the muscle or of the leaves of Mimosa is a very 
good instance of the first case, whilst the second more 
complicated one cannot be illustrated better than by what 
iJl experience has taught us about the irritability of the 
retina. The retina is more irritable by green rays and less 
by red ones the more it haa been stimulated by the latter, 
and more sensitive to light in general the more it has been 
ejtposed to darkness; and something very similar is true, 
for instance, as regards phototactie irritability in plants, all 
these phenomena being in relation to the so-called law of 
Weber.^ 

It seems to me that there would be little difficulty in 
harmonising the phenomenon of the inversion of irritability 
with the so-called principle of the "action of masses ' 
and with the laws of certain "reversible" processes well 
known in chemiatry. As to the simple fact of the re- 

' i o&ty mention her« th^t cort&in modern jisychologiAta Imvii osaignifii 
tha true law of Weber to the »])!]ere of judgmeDt «Dd not of sensation. If 
•pplied to obj«cti?e fe&ctiona only, in their dependeooe on objective stimuli, 
it, of course^ becomes Xesm nmbi^ouaf and may, in a oertAln ^aso, be g&id to 
tiie&turo ' ' Acclimatisation " with regard to the Btiinuliu in question. The 
mathem&tieAl analogy of tho law of Weber to the moet fuiidamcatal Uw of 
chemicAl dynMaica »e«mfi very jniportatit* 

As to ^ acclimati^tiou " in the more usual meaning of the word, with 
regisTd to a cbange of tho general faculty of reaiatiitg certsm agents of the 
medium, ^* immunity " proper b to form a fip<!cul pamgmph of what foUowH, 
4ind in " oQclimatieatiou '' towards ditferent degrees of salinity (in alg^e or 
liHhv«) some spedal remarlcfl will alao ho devoted on a proper oocaaion. 
There rematna only ** acclimatisation*' to different temj^ieralures ; but on thb 
topic not much more than the fact is known (aeo Davenport, An^. / Enltt. 
Mteh, 2, p. 227). '* AcdimatlsatioD *' dooa not allow of a sharp general deiini^ 
tion : it may be the result of very difftrenl kindsi of adaptations in our sense 
«f the word* 
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establishment of irritability after stimulation has occurred, 
or, in certain other cases, the fact that in spite of permanent 
stimulation irritability seems to exist permaneatly also, 
physical analogies or even explanations might very well 
be found,^ 

If now we aek whether there is anything like an adapta- 
tion appearing in the general characteristics of irritation 
and irritability^ it seems to me that wa may answer the 
question in an affirmative manner, as far as primary regula- 
tion comes into account. We, certainly, have not studied 
any abnormal regulatory lines of general funcUoning, we 
only have studied general functioning itself; but, indeed^ 
there was a certain sort of regulation in fanctiomug. Of 
course, by showing that one of the most general features of 
all functioning is primary*regu!atory in itself, we do not 
deny the possibility of many specific functions in which 
real secondary regulations actually do exist Nothing 
indeed is asserted about the specific character of functioning 
in its different types, by proving that one of the ^emral 
features of cUl functioning may comparatively easily be 

^ I sboQld thmk that tha problem of the TO^eatabliahment of irritability » 
in pHnciple at leaat, ariaea eren when there ii] not a trace of so-^ialled 
*' fatigue" or of a '^rtfractoij period/' The process of restoring may be so- 
rapid ae not to h« uoticeablGi nevertheless some sort of restoring is to be 
postulated. We may &ay the " trntability " of an elastic ball is re-^tabliabed 
by ita eksticity. A certain analogy to this case may jjerbapa be found in the 
raiiscle. But the irritability of uerTea with respect to nervous conduction, 
and 0t glands with respect to secretion, or of the articulations of MiriwuL 
may be ttell understood, hypotbetically at least, if we assume that the 
ordinary course of metabolic events is apt in itself to lead to a certain state 
or condition of the organs in question upon which their irritability is based. 
Certain general conditions of functioning, as for instance the prosenoe of 
oxygen for the contraction of the muscle^ woold better be lookcii upon aa 
necessary *' means" of functioning than as being part of irritability as auch^ 
*' Fatigue/* of t^onrse, may also he due to the absence of such ** means" or to 
abnormal conditions originated by functioning itaelt 
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iinderstood. It seems to me that this important Ic^cal 
point has not always received the attention it deserved* 

The Rtgnlation of Heal Frodmiion} — Having finished 
our mtrodnctory remarks we now turn to the proper 
study of special physiological functioning with regard to 
ita adaptive side, and begin with the most simple cases. 

The so-called "regulation of heat" in warm-blooded 
vertebrates is an instance of a special function which can 
be said to be regulatory in itself. There exists a nonnal 
blood heat for each species, which is maintained no matter 
whether the temperature of the medium rise or fall* It 
might seem at first as if in this case there were a little 
more of an adaptive regulation than only its weU-known 
primary type ; no reversion, one might say, of the direction 
of one and the same process occurs in the regulation of heat 
production, but one kind of process is called into action 
if it is necessary to raise the temperature^ and another 
whenever it is necessary to lower it. Even in the dilatation 
and constriction of capillary vessels there are different 
nerves serving for each operation respectively, and far more 
important are the increasing of transpiration for cooling, the 
increasing of combustion for heating — two radically dlfierent 
processes. But, nevertheless, there is a certain unity in 
these processes, in so far as a specific locality of the brain 
has been proved to be the " centre " of them all ; it is to 
this centre of course that the analysis of heat production 
considered as a kind of regulation or adaptation must be 
directed Such an ultimate analysis, it seems to me, would 
have to classify heat regulation under the primaiy type of 



' Rubner, Die Qesttte de» E-mrguvef^ramha 6« der Erftdhrun^f Leipzig 
u, Wien, 1S02, 
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adaptations in physiology without any restiictiou. The 
centre acts in one sense or iu the other, if stimulated by any 
temperature beyond a very limited range, and it is in the 
action of the centre that the '* regulation " of heat consiBts,* 
Primary RegidaZwim in tlu Tran^rt of Materials mtd 
Certain Plienmuna of Osmotic Pre^mrc, — Very similar 
phenomena of regulation are present in many processes 
concerned in the whole of metabolism. Let us consider 
for a moment the migration of materials in plants* When- 
ever any compound is used at a certain place, a permanent 
artlux of tliis compound to that place sets in from 
all possible directions, Ko doubt tliis is a " i*egulationr 
but it is also the function itself, and besides that, a very 
simple ftmction based almost entirely on well-known laws 
of physical chemistry. And in other cases, as in the ascent 
of water to the highest tops of our trees, which purely 
physical forces are said to be insufficient to explain, we can 
appeal to the unknown organisation of many cells, and there 
is nothing to prevent oui* attributing to these cells certain 
iunctions which are, if you like to say so, r^ulatory in 
themselves. Among other facts of so-called regulations 
there is the stopping of metabolic processes by an accumula- 
tion of their products ; as, for instance, the transformation of 
starch into sugar is stopped, if the sugar is not carried 
away. Of coui-se that is a regulation, but it again is an 
intrinsic one, and it is one of the characteristics of reversible 
chemical processes to be stopped in that way. I know very 
well that in this particular case a certain complication is 

1 The plienomeDoa of ferer we Ie*ve out oraocount here ; it m regarded by 
some as regulation ^ by others aa a ^Uffttirbante of heat regul&tien. Of cotirae^ 
if the first view should e?er prove to be the right one^ feFer might be clarified 
Among the real reguktiona of ihe $ecot»difcr3f type. 
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a^d^d by the fact that it is a ao-callecl ferment, the diastase, 
which promotes the transformation of starch into ctine-sugar, 
and that tlus feniient is actively produced by the organisiu : 
but even its production would not prove tliat any real kind 
of secondary regulation exists here, if nothing mort! wure 
knowTi about such an active production than tliis Biugle 
case. 

In a special aeries of experimeuts almost all carried out 
in Wilhelm Pfeffer's botanical laboratory at Leipssig, an 
attempt has been made to discover in what manner the cells 
of plants are able to witlistand very high abnormalities of 
the osmotic pressure of the medium — that is to say, very 
freat changes in the amount of its salmity. That many, 
particularly the lower plants, are able to stand such changes 
had l>een ascertained already by the careful examinations of 
Eachenhagen ; but recent years have given ua a more pro- 
found insight into what happens. Von Mayenbnrg ^ has 
found that sundry of the species of A^ergiUus, the common 
mouldy are able to live in very highly concentrated solutions 
of several salts (KNOj and Xa,,SO^). Tliey were found to 
regulate their osmotic pressure not by taking in the salts 
themselves, but by raising the osmotic presi^nre of their own 
cell sap, producing a certain amount of osmoticaUy active 
substances, probably carbohydrates. If in this case it were 
pcfisible to assume that the osmotic pressure o( the medimu 
were the real stimulus for the production of the osmotic 
substances in the cell, stimulus and production both 
corresponding in their degree, we should be entitled to 
speak of a primary though physiological ^ regulation only ; 



» Juhfb, www* Bi>t. 36, IflOl. 

' Otrbobjrdr&tes cannot tie iouiaedf and therefore t\\tte Ie no doubt Ibat in 
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and it seems to me that despite the discoveries of Nathan- 
ftohn that certaia algae and cells of higher plants are 
able to change the permeability of their surfaces m a 
way which regalates the distribution of single salts or 
ions in the sap of their cells without any regard to pure 
osmotic equilibrium, such a simple explanation might be 
possible/ 

There are many regulation phenomena connected with 
osmotic pressure and permeability in animal physiology 
also, though at present they are not worked out as fully as 
possible. The works of FinSd^jricq^ J. Loeb. Overton and 
Sumner ^ would have to be taken into account by any one 

von Mftyenburg's experiments th« <»rgmtiisni itself u aetirely At work. Aa to 
eom[)ouiide} Ikble to ioiiisatioti, it La» been notieed by Mail lard lli&t a certain 
TBgnlatory charactor \s contained simply in the pliysiral fact that iho degree 
afioniaation changes with concentration : decrease of conceutrfttiou for instance 
would be followed by an increase of ionization, and so the osmotic pressure 
inay be preserved (C. rend. Soc* Biol. 63, IBOl, p. 880). 

* In the dilferent oscperiments of Nathansohn (Jahrk «?£«. BoL 33, 190f, 
and 39 » 1903) the salinity of tbe medliini was changed in sneh a way thai 
tli«re waa in each casa either an abnormal increase or an abnomisl decrease iu 
the concentration of one single ton necessary for metabolisnu The cell was 
fonnd to stand these abnormal ch&nges in such a way that in tbe ca^e of the 
iaoreaae of the concentration of the mediuro it did not allow jiiore than 
a certain amount of the ion in qut^tiou to come in, and that in the case of 
the decrease it dicJ not allow more than a oertaio tjuantity of the ion to go 
out. It thus seems as if tbe pernteability of the suiface irere adjusted 
to a certain minimum and to a certain maximum of ey<ry single io» or 
salt, the permeability being stopjM from within to without, whenever the 
minimum^ and from wiibout to within, wheQever the maximum ia rescbed 
in the cell 3»p ; both irreapeotive of proper physical osmotic equilibriutu 
(** PhysiologiHches Gleichgewicht *'), Thua, in fact, ther© only wotiJd be a 
case of primary regulation, nothing more. It would all appar rather simitaT 
to what occurs in the kidney. Of course we do not assert that our expl&na* 
tfon is light, but it ia possible and is at tbe same time the most simple, and 
it ia onr general practit^ always to prefer the moat simple hyjK) theses. 

^ Many iisbes are able to withstand peat changes in the osmotic prowure 
of aca-water •; the osmotic pressure of their body fSuids, though never in a 
real physical equilibrium with the pressure of tbe medium, neverthel<»a max 
Tary whenever the abnormal conditions of the Latter ejtceed certain limits^ 
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who wislied to enter more deeply into these problenis* We 
can only mention here that permeability to water itself 
also plays its part, and that, according to Overton's experi- 
menta, it is a kind of solubility of the media in the very 
substance of the cell surface ou which all periueability and 
its regulation depend, 

Chrmmtic A^ulatiofis in Algae, — ^The phenomena of 
osmotic pressure and its regulation may be said to be the 
preliminaries of metabolism proper, conditions necessary for 
it to take place. Now there is another branuh of such 
preliminaries to metabolism, in which the most interesting 
regulation phenomena have been lately discovered* It is 
well known that what is called assimilation in plants, that 
is, the formation of organic compounds out of carbon dioxide 
(CO^) and water, occurs only in the light by means of 
certain pigments. This pigment is in all higher plants and 
in many others the green chlorophyll, but it may be different 
in cetlain species of algae, and can generally be said ^ to be 
of the colour complementary to the colour of those mys 
which especially are to be absorbed and to be used for 
assimilation. But here we have " adaptedneas/* not 
adaptation. It was in some species of primitive algae, the 
Oscillarim, that Gaidukow ^ found a very interesting instance 
of an active r^ulation in the formation of pigments. These 
algae always assume a colour which corresponds to the 
accidental colour of the rays of the mediimi and is com- 
plementary to it ; they become green in red lights yellow in 
blue light, and so on — that is, they always actively take that 
sort of colo^iring which is the most suitable to the actual 

'^ Arch. Ami. Ph^s., Phys. Abt SiippL, 1902. 



processes : food is one, and oxyj 
metabolism as a whole is of two 
both serves for assimilation proper- 
it supplies the energy for driving 
It is clear that food alone — toge 
assimilating means of the organiE 
first type of metabolism, while Ix 
some sort of substitute for th< 
bacteria, supply functional energy, 
entitled to say that the importanc 
or respiration is exhausted by its en 
is not, for if it were, the organism 
in its functions if deprived of oxy; 
It seems that certain substances 
metabolism, in the processes of dec 
to be burnt up in order not to b 
we shall return to the phenomena 
another chapter of the book, and sht 
a more general point of view.^ 

^ The adaptive phenomena disoovei'e<l by ( 
alteration in the formation of pigments. In tl 
tion of pupae of Lepidoptera with respect to 
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I^t U9 now try to take a abort survey of all the regula- 
tions discovered relating to the subatitution of one kind of 
food for another. We have said that fcN^d serves in the 
first place as building material, iti the second place as 
fuel. It only deserves brief mention that, as all recent 
investigations have shown, fats, carbohydrates, and albumen 
are equally well able to serve as fuel,^ 

It is in the state of fasting, i.€. in the case of a real 
absence of all naiirisliing materials, that the organism has 
proved to be capable of regulations of the most marked 
nature, with r^ard to the combustion of its own materials. 
Ilespiration, we know» must go on if death is to be avoided, 
and now indeed it has been found that this process attacks 
the difterent tissues of the organism subjected to fasting in 
such an order that, after the combustion of the reserves. 
the most unimportant tissues with regard to life in general 

m chmpter B. 5, of my Or^ni$che EiguItMii^mmt. Beo«iit diacoveriea of 
Wintttrsteiii's {ZtUsthr. alig, FhjsM. 6, l&O") liaire giireii the $trongett 
ivipport t<J my hyjwtijelic statements, and, in fact, can be Mid to huTe 
brought the doctrine of organ ic oxlclation to a critical p<>iot* There can be 
no douH that oxygen not only [^kya the " antipotsoiioua " r61e I bad 
assigned lo it but thut it b not even of kucIi great importance for the supply 
of functional eoergy as former times had aasivmed. No doubt it aerrea tu 
ilrive the functtotial Tnatshine, bnt decomposition of certain ohemica] con- 
^titmenta of tlie organism serves this purpow even more. The latter doe« m 
in th« moat fundamental and original manner, ao to 3|)eak, whibt oxidation 
onJy bnniA up its product??. Almost all elementa.1 functiona, in nerve* tisane 
at least, go on very well in the absence of oxygen, providi^ that oertun 
** poisonous *' substances, resulting from this anaerobic metabollam, are 
constantly removeiL In normal conditions that is done by oxygen, and in 
doing ao oxygen certainly assisl^ the supply of energy, but it does not furnish 
tht whole of it. Tlie differetiee betweeu so-oalled " aerobic "and " anaerobic '' 
life almost completely disappears under suth a view, and many Ho-called 
'^regnktiona/* of course, disappear at the same time: there ia no more 
" intrmniolecular respiration.'* 

1 But neverthelefls albumen is not t» b€ replaced aitogethar in Tertebrate^ 
by fat or carbohydrate ; it probably serves some special function besides 
combustion, even in the adnit. 
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are destroyed irst, the most important ones last. Thus in 
vertebrates the nerve oeUa and the heart are preserved as 
long as possible ; in infusoria it is the nudens ; in flatwoniis« 
as the very careful studies of E* Schultz * have lately shown, 
it is the nerve cells and the sexual cells which longest 
resist destruction, whilst almost all the rest of the organisa- 
tion of these animals may disappear. 1 should not say 
that we can do very much with these facts at pi^ent in 
our theoretical discussion, but they are certainly witness of 
very astonishing adaptive powers," 

We now turn to study the cases of a compensation of 
nourishments serving for the real buUding up of the organism. 
Albumen, we know, is absolutely indispensable for animals, 
even for adults, though nothing is known about the purpose 
it serves in the latter ; its place can be taken of course by 
those leas complicated compounds which result from its 
first decomposition, effected by pepsin and trypsin, but 
nothing else will do. The salts of sea*water, according to 
Herbst*s experiments, may only vary tu a very small degree 
if the development of marine animals is to go on well ; 
potassium may be replaced by caesium or rubidium » and 
that is all. Much the same ia true of the salts necessaiy 
to plants. It will not surprise us very much to hear that 
algae can also be successfully fed with the potassium salts 
of organic compounds, and higher plants with acid amides or 

^ Arch, EfUw, M^^^. 18, 1904. 

^ To a iihjsiological fri«nd of mine I owe the suggestion that it U the 
permanently functioDing titties wtucU jitaud hunger better Uian the others, 
at leiflt if the sexual cells might be legarded u callable of a sicrtltion intemt 
in aU cas^s, Thi^n the adaptations it) the «tat6 of hungi^r might be said to be 
r^^duced in liome degree to "functioual adEiptatioii/' Hut it um^t remain an 
open qije^tiou, it necms to me, whether auih a view rnaj indeed hold in the 
fae« af the facts obserTed in Planar im and infta^oriatiH. 
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glucoses instead of carbonic acid, as those producta are 
normal steps in their assimilation ; and it may also be fairly 
easily understood that nitrogen can be offered in organic 
form instead of as a nitrate. 

It was in the group of fuDgi that really important 
adaptations with regard to the proper form -producing 
alimentation were first diacovered, and these are of a A^ery 
complicated kind indeed. Fungi are known to he satisfied 
with one single organic compound instead of the group of 
three — fat. carbohydrate and albumen — necessary for animals. 
Xow Pfeffer ehowed that the most ditierent and indeed very 
abnormal compounds were able to bring his subjects to 
a perfect growth and morphogenesis; and, moreoverp he 
found that, if several kinds of such food were oftered 
together, they were consumed quite indifferently as to their 
chemical constitution, but only with regard to their nutritive 
value: that sort of food which had produced a better 
growth than another when both were offered separately was 
found to save the latter from consumption whenever both 
were offered together 

Here we are faced by one of the most typical cases of 
regulations in metabolic physiology: the organism is able 
to decompose compounds of the most different constitution^ 
which have never been offered to it before ; but never- 
theless, it must remaiu an open question whether real 
" secondary '' regulation has occurred, as nothing is known 
in detail about the single steps of metaboUsm in these fungi 
There might be some ferments equally able to destroy different 
classes of compounds,* and that the most nutritive compound 

' In til cmsea wlierc fungi of tbe mmt species ure Mn to live oa diflerwat 
kosU, tb«t IB, to [leuelrate mombnuief <if i diCTeretit chi^mical climracUr, ft 
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is used up first map be a question of physico-cheniical 
equilibrium* 

That is almost all ' that is actually known of adaptation 
with regard to the use of an abnornml food supply. Though 
important, it caunot be said to be very much. But could we 
expect very numerous regulations here at all after what we 
laid down in a former paragraph about the possibilities of 
adaptive regulation in general ? The functional state must 
have been altered in order that such regulations may occur. 
Now there is no doubt that this state may be really altered 
only if an abnormal food has first been taken in altogether 
by the cell-protoplasm of the body -surfaces, but never if it 
has only entered the cavity of the intestine, which, strictly 
speaking, is a part of the exterior medium. Fungi indeed 
not only take in the abnormal food, but also know what to 
do with it, but all animals are obliged to treat first with 
their chemical secretions what happens to be present in 
their intestine, in order that it may be taken up by their 
living cells, and one hardly can wonder that these secretions 
are only formed in correspondence to a limited number of 
outside stimidi. In fact^ aa soon as we look upon what 
adaptive or regulatory work happens in metabolism inside 
the body interior, we meet, even in animals, regulations of a 
far more developed type, 

Discoveries of the last few years have taught us that 
almost all metabolic processes in the organism, including 
oxidation, are carried out by the aid of special materials, the 

mmilar objection as to the **iiecoi)dmry '" type of mch a regulation iD»y b« 

^ ThediECOTery of WeLnlftDd thfit adult doga tre able to prodDO« " liclue *' 
in lh*itr panerema, wbenerer tliey are fed, quite abnornjally, with milk^RngHr, 
linji rec*iilly bren s»id U* be vitUted by *n attilytic&l niistake. 
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so-called enzymes or ferments. These are known to exist in 
the most diftferent forms even in the inorganic vrurid, Tliey 
are simply chemical compounds, of specific tj^^^es, that 
bring about chemical reactions between two otijer chemical 
materials, which in their absence would either not go on 
at all or would go on very slowly. We cannot enter here 
into the much disputed chemical theory of what is called 
** catalyiiis " : we can only say that there is no objection to 
our regarding almost all metabolic processes inside the 
organism as due to the intervention of ferments or cata- 
lytic materials, and that the only difierence between 
inoi^anic and organic ferments is the very complicated 
character of the latter and the very high degree of their 
specification. 

Such a statement, of course, does not say that all 
metabolism has proved to be of a chemical nature: the 
ficiion of the ferment when produced is chemical, but we 
do not know at all how the ferment is produced ; we only 
know that a high degree of active regulation is shown in 
this production. In fact, it has been proved in some cases, 
and probably will be proved in a great many more in the 
near future, that all metabolic ferments, whether they 
promote oxidation or assimilation proper or chemical decom- 
poaition, are produced in a regulatory manner with regard 
to the specific compound to be dissociated or to be luillt 
up* In this way the whole field of metabolism is really 
covered by '* regulations/' Are they real " secondarj' '* 
ones I Of course the regulatory correspondence applies to 
the process of secreiiQu in the first place, not to the actual 
formation of the ferment inside the cell The correspondence 
as to secretion, no doubt, is of the primary tj^je ; is there 




iiinctionmg.* 

The only facts of secondary meta 
are known at present have been four 
phenomena of restitution after real di 
tion, where, indeed, numbers and i 
changes of metabolism, both in anii 
also been recorded. But there is not < 
regulation really known to afiect pu 
This is a new indicium of the pri 
organism. 

IMMUNITY THE ONLY TYPE OF A 8EC0N] 
ADAPTATION 

There is only one class of physi 
which the type of the real secondai 

^ Compare the excellent review of the subject 
the Ergebniase der Physiologie, 5. 1906. p. 664. 1 
an analysis of the brilliant discoveries of Pawlow 
to so-called "psychical and a&wciative secretion," 
with in another section of the book. These 1 
vitalism, it seems to me. 

' It woold l>e a true secondary metabolic regula 
of one gland another different onp w»^ *- 
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The discoveries of the last twenty years have pi^ved 
beyond all doubt, and future discoveries will probably prove 
even more conclusively, that the so-called immunity against 
diseases ia but one case out of numerous biolc^ical pheno- 
mena in which there ia an adaptive correspondence between 
abnormal chemical stimuli and active eheraical reactions on 
the part of the organism and in its interior, exceeding by 
far everything that was formerly supposed to be possible 
in organic regulation. 

The adaptive faculty of the organism against inorganic 
poisonous substances ^ is but small comparatively, and is 
almost always due not to a real process of active regulation 
but to the action of substances pre-existing in the organism 
— that is, to a sort of adaptiveness but not adaptation. 
Metallic poisons, for instance, may be transformed into 
harmless compounds by beiug combined with albumen or 
sulphuric acid and thus becoming insoluble, or free acids 
may be neutralised^ and so on; but all these processes 
go on to a certain extent only, and, as was mentioned 
already, are almost always the result of reactions with 
pre-existing materials. Only in a few cases is there any 
sort of true adaptation to metallic substance, such as 
sublimate and, in a very small degree, arsenic, comparable 
in some respects with the adaptation to abnormally high 
temperatures. The organism wliich has been accustomed 
to receive at first very small amounts, say, of sublimate, and 
then receives greater and greater amounts of tliis substance 
by degrees, will at the end of this treatment be able to 
stand a quantity of the poison that would have been 



1 A good reviuw is given by E, Frotnm, DU chemixli^n Schut^mUUi rfw 
Ticrkihjiers bet Fergiftun4jeHt Strafsburg^ 1903. 
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instantly latal if administered at the first dosep* But the 
explanation of this adaptation is not known in any case ; 
there seems to be some similarity between it and the so- 
called histogenetie immunity against organic poisons* 

It is in the fight against animal and vegetable poisona, 
such aa those produced by bacteria, by some plants and 
by poisonous snakes^ that the true adaptation of the 
oi:;ganisra reaches its most astonishing degree. The pro- 
duction of so-called " anti- bodies'' in the body fluids is 
not the only means applied against noxious chemical 
substances of this kind : the existence of so-called hiato- 
genetic immunity is beyond all doubt, and Metscbnikoff* 
certainly was aJao right in stating that the cells of the 
organism themselves repel the attack of living bacteria* 
Cells of the connective tissue and the white blood ceUs, 
being attracted by them as well as by many other foreign 
bodies, take them in and kill them. This process, called 
'' phagocytosis " is of special frequency among lower animals, 
but it also contributes to what is called inflammation in 
higher ones.^ And there are still other kinds of defence 
against parasites, as for instance the horny or calcareous 
membranes, employed to isolate trichinae and some kinds 
of bacteria. But all this is of almost secondary importance 
as compared with the adaptive faculties of the warm- 
blooded vertebmtes, which produce anti-poisonous substanoes 
in their lymph and hlmd. 



' DuvBuport, Arch. JSrUtv. Aleck. 2, 1895-18&6, and Hnunittiin, PjfUgefs 

Artk. 113, 1906. 

* Lt^cmM iUr lap^hologie etmparde de t*injtamma(imt Piris, 1902, 

' The otlier t Upi or pbases in the process of infl[Lmtii&tion liftve &lio beeo 

r«giTd«d IS uls|iiiTe : the iiicreMeil q^i&ntity of body a aid fur iQstAiicfi is 

uid l<» acrve tu dituU' i>omuoufi subatancea. 
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It is imposgible to say here' more thau h few words 
about the pbenomena and the theory of immunity pi-oper^ 
which have attained the dimensions of a separate science. 
Let me only mai^k those general points which sLve of 
the greatest theoi^tical interest Discoveries of the most 
recent years have shown not only that against the ** toxins '' 
of bacteria, snakes, and some plants, the organism is able 
actively to produce so-called " anti-toxins ''— tliat is, soluble 
substances which react with the toxins and destroy their 
poisonous character — whenever required, but that against 
any foreign body of the albumen group a specific reaction 
may occur, resulting in the coagulation of that body. But 
the destruction of the noxious substance or foreign albumen 
actually present is not all tliat is accomplished by the 
organism. ** Acquired immunity " proper, that is, security 
against the noxious material for a more or less extensive 
period of the future^ depends on something more. Not 
only is there produced as much of the so-called '' anti-body " 
as is necessary to combine with the noxious, or at least 
foreign substances which are present, but more is produced 
than is necessary in the actual case. On this over-pro- 
duction depends all active immimity, whether natural or, 
as m some kinds of vaccination, aiiificial ; and so-called 
''passive" immumty, obtained by the transfusion of the 
serum of an actively immune organism into another also 
depends upon this featiire.^ 

This phenomenon in particular — ^the production of mors 
of the antitoxin or the "precipitin" than is actually 



* CoiUcUd SUuiies &w Immunily btj Ehrfich ajtd hk CoHabondgrSt truil- 
Wled bj Oh. Bolduuif New York a.iid Loudon^ 1906. 
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^ So-called genaine or innate immanitj 
which is acquired, is of coarse a case of ada] 
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9, 1906.) 
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specificity in the production of antitoxins also. It is, of 
course, the fdct of specific correspondence between stimulus 
and reaction, that gives to immuuitj^ its central position 
among all adaptations, no matter whether the old hypothesis 
of the production of specific anti-bodies proves tenable, or 
whether, as has been urged more recently by some authors, 
the anti-body is always the same but reacts diflferently 
according to the medium. In the latter case it would be 
the medium that is regulated in some way by the organism 
in order to attain a specific adaptedness< 



I 



NO GINEEAL POSITIVE KESULT tSOM THIS CHAPTER 

But now let us look back to the sum of all the physio- 
logical reactions studied, and let us see if we have gained 
a new proof of the autonomy of life from our long chapter. 

We freely admit we have not gained any really new 
proqft but we may claim, I think, to have gained many 
indicia for the statement that the organism is not of the 
type of a machine, in which every single regulation is to 
be regarded as properly prepai^ed and outlined. 

It is precisely in the field of immunity that such a 
machine -like preparation of the adaptive effects aeema 
almost impossible to be imagined. How indeed could there 
be a machine, the chemical constituents of which were such 
aa to correspond adaptively to almost every requirement ? 
— to say nothing of the fact that the production of nwre of 
the protecting substance than is actually necessary conld 
hardly be said to be " chemical" 

In fact, we are well entitled to say that we have reached 
here the very heart of life and of biology. IS nevertheless 

14 
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Mechanistic explanations in all 
physiology proper, so much in vogue 
indeed be said to have £edled all al< 
advantage they have brought to 
statement of problems to which w( 
But we are not fully entitled to say 
be any mechanistic explanation of 
in the future. It may seem as in 
can be ; but we wish to know not \s 
what is not possible. 

Now of course you might answer 
indeed shown that the production of 
the basis of harmonious-equipotential 
proves vitalism, the acts taking plac 
form after its production would ha 
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personally should not liesitate to say ao. But that is EOt 
the Liuestioo. We have to ask : Is any new proof, in- 
dependent of every Qiher^ to be obtained tit)m the facta of 
physiological adaptation in themselves ? And there ia really 
none. Mere regulatory correspondence between stimuli and 
reactions^ even if it be of the adaptive type and occur in 
almost indefinite forms, never really disproves a machine 
as its basis so long as the stimuli and reactions are dmple 
and uniform* Kext summer, however^ we shall see that 
vitalism may be proved by such a correspondence if the 
two corresponding factors are not simple and not unifomL 

We most clearly see at this point what it really was 
in our analysis of differentiation that allowed us to extract 
a real proof of vitalism ixom it. Not the mere fact of 
regulability, but certain specific relations of space, of locality, 
lay at tlie very foundation of our prooil These relations, 
indeed, and only these relations, made it possible to reduce 
ad obBurdum any possible existence of a machine m the 
actual basis of what we had studied. In our next chapter 
again it will be space-relationa, though analysed in a diGTerent 
manner, that will enable us to add a second real proof 
of vitalism to our first one. 

With this chapter we conclude the study of oi^anic 
regulation in all its forms, as far as morphogenesis and 
metaliolism are in question. 

But our analysis of these regulations would be incom- 
plete and indeed would be open to objectiotis, if we did not 
devote at least a few words to two merely negative 
topics, which will be taken more fully into consideration 
later on. 
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A FEW REMARKS ON THE LlMTrS OF R1G0LABILITY 



There has never been found any sort of *' experience " ia 

JationB about morphogenesis or in adaptations of the 

^proper physiological typa Nothing goes on "better" the 

Becond time than it did the fu-at time ; * everything is either 

complete, whenever it occurs, or it does not occur at alL 

That ia the first of our important negative statements 
libout regulations; the second relates to the phrase just 
used, " or it does not occur at all/* There are indeed limita 
of regulability ; adaptations are not possible to every sort 
of change of the physiological state : sickness and death 
could not exist if they were; nor is restitution possible in 
all cases where it might be useful It is a well-known fact, 
that man is only able to heal wounds but is altogether 
destitute of the faculty of regeneration proper. But even 
lower animals may be without this faculty, as are the 
ctenophores and the nematodes for instance, and there is oo 
sort of correspondence between the faculty of restitution 
and the place in the animal kingdom* It is not altogether 
itn possible that there may be found, some day, certain con- 
ditions under which every organism is capable of restoring 

' The few ofl«es of &n " improyement " of morpbogenctic acU in bjdrolde 
di»Borib«d by tnyBclf am Wo ifiolited at preftent to be more tUan mere 
jti-^blems {Areh. Eniw. Mech. 6, 1897). The same is true^ it »eetna to me, 
wilb regard to certain recetit dmcovenes made by K Pearl on CcratophifHum 
lCaf%$gU Insi, Wash. l^hL No. 68, 1007) ; and by Eeleuy on a medusa 
{Jmtm. aep. Zoai. S, 1&07). Pawlow'a diat-overy, tbat the enityiiiotic; c?om' 
poaitJOii of the puncreatic fluid in doga b«eomes mort and more adapted to 
i specific composition of the food (either meat or bread and milk) the longer 
mtih a apecific oompoaition ia ofTered to the individual animal, may proUbly 
he understood aa a case of mere functional adaptation of th© colb of the 
digeetiTe glanda, if it standa crjticiam at all (see Baylias and SUriing, Erg^h^ 
I'hyaol. e, iBPe, p, 682). 
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any missing part; but at present we know absolutely 
nothing about such conditions.^ 

But no amount of negative instances can disprove an 
existing positive — which is what we have been studying. 
Our analysis based upon the existence of r^ulations is 
as little disparaged by cases where no regulability exists 
as optical studies are by the fact that they cannot be 
undertaken in absolute darkness. 

^ Experimenta carried out in the *' Biologiache Venachsanstalt " at Vienna 
indeed have shown that many animal types are capable of at least a certain 
degree of restitution, although they had previously been denied this faculty 
by zoologists. 
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parente, it follows that in aoine sense there is a a^rt of 
continuity of material as long as there is life — at least in 
the forma we know o£ The theory of the continuity of 
" germ-plasm " therefore would be true, even if germ-cellfl 
were produced by any and every part of the organism. That, 
as we knoWj is not actually the case : germ-cells, at least 
in the higher animals and in plants, are produced at certain 
specific localities of the organism only, and it ia with regard 
to this fact that the so-called theory of the " continuity of 
germ-plasm " acquires its narrower and proper sense. There 
are distinct and specific lines of cell-lineage in ontogenesis, 
so the theory states, along which the continuity of germ- 
protoplasm is kept up, which, in other words, lead from one 
egg to the other, whilst almost all other lines of cell-lineage 
end in " somatic '* cells, which are doomed to death. What 
has been stated here is a fact in many cases of descriptive 
embryology, though it can hardly be said to be more than 
that We know already, from onr analytical and experi- 
mental study of morphogenesis, that Weismaun himself had 
to add a number of aubsidiary hypotheses to his original 
theory to account for the mere facts of regeneration proper 
and the so-called vegetative reproduction in plants and in 
some animals, and we have learned that newly discovered 
facts necessitate still more appendixes to the original theory. 
In spite of that, I regard it as very important that the fact 
of the continuity of &oma material as one of the foundations 
of inheritance has clearly been stated, even if the specialised 
form of the theory, as advocated by Weismann in the 
doctrine of the '* germ-lineages ** 0* Keimbahnen *') should 
prove unable to stand against the facts. 

The important problem now presents itaelf : What is the 
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course the first part of it may turn 
of this. We have no means at pres 
a prioi^i anything positive or negativ 
question of the nature of that matter, 1 
in inheritance is in some sense a sel 
therefore shall postpone the answer 
our analytical discussion. 

On Certain Theories which S 
Inheritance to Me: 

It will be advisable first to study i 
views which have been put forwarc 
heritance. The physiologist Hexing 
compared all heredity to the well-kn 
assuming, so to say, a sort of rememb 
happened to the species in the continu 
and several Glerman authors, especiall; 
made this hypothesis the basis of more 

It is not clear, either from Heri 
Semon's book,^ what is really to be 
the word " memory," and, of course, tl 
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peychologicitl point of view. If he is a " parallelist " with 
regard to so-called psychical phenomena, he would use the 
word memory only as a sort of collective term to signify 
a resultant effect of many aingle mechanical events, as far as 
the material world of his parallel system comes into account, 
with which of course the problem of inheritance alone deals ; 
but il" he maintains the theory of ao-called psycho-physical 
interaction, the psychical would be to him a primaiy factor 
in nature, and so also would memory. As we have said, it 
16 by no means clear in what sense the word " memory '* 
13 used by our authors, and therefore the mod important 
point about the matter in queBtion must remain in dvUo. 

But another topic is even more clear in the theory of 
inheritance, as stated in Hering's and Semon'a writings. 
The hypothetical fact that so-called " acquired characters " 
are inherited is undoubtedly the chief assumption of that 
theory. Indeed, it would be difficult to understand the 
advantage of the ambiguous word memory, had it not to 
cull attention to the hypothetic fact that the organism 
possesses the faculty of *' remembering " what once has 
happened to it or what it once has " done," so to speak, and 
profiting by this i^emenibering in the next generation. The 
zoologist Panly indeed has stated this view of the matter 
in very distinct imd clear terms. 

As we soon shall have another occasion to deal with the 
much -discussed problem of the '* inheritance of acquired 
characters," we at present need only say a few words 
about the " memory-theory " as a supposed " explanation " 
of heredity. Undoubtedly this theory postulates, either 
avowedly or by balf-uncanscious implication, that all the 
single processes in individual morphogenesis are the outcome 
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either of adaptations of the morphological type, which 
happened to be necessary in some former generation, or of 
do-ealled contingeut ** vamtioos/* of some sort or other, 
which also happened once in the aneeatral line. Such a 
postulate, of course, is identical with what is generally called 
the theory of descent iu any of its different forms* Tliis 
theory is to occupy us in the next lectures ; at present we 
only analyse the ** memory ''-theory as a theory of heredity 
in itself. In any case, to regard memory as Uie leading 
point in inheritance, at least if it is to signify what is 
called memory in any system of psychology, would be to 
postulate that either adaptation or contingent ** variation " 
has been the origin of every nxorphogenetic process. Indeed, 
the American physiologist Jennings did not hesitate to 
defend such a view most strongly, and many others seem to 
be inclined to do the same. 

But such an assumption most certainly cmnnot be true* 
It cannot be true, because there are many phenomena 
in morphogenesis, notably all the phenomena akin to 
restitution of form, which occur in absolute perfection even 
the very first time they happen. These processes, for the 
simple reason of their pHma?^ jitrfedion, cannot be due 
either to "leaniing'* from a single adaptation, or to accidental 
variation. We shaU afterwards employ a similar kind of 
argument to refute certain theories of evolution. It there- 
fore may be of a certain logical interest to notice that at 
present, combating the memory*theory of inheritance, and 
hereafter, combating certain theories of descent, we select 
not " adaptation " or *' variation " as the central points to 
be refuted, but the assumed contl/nge'my of both of them. 
The word " memory," therefore, may be applied to the 
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phenoinena of inheritance only in a very figurative meaning, 
if at alL We do not wholly deny the possibility of an 
inheritance of acquired characters, as will be seen later on, 
and to such a fact there might perhaps be applied such a 
term as '* memory '* in its real sense, but we simply hww 
that there is something in inheritance which has no 
similarity whatever to what is called " memory *' in any 
species of psychology. A primary perfection of processes 
occurring quite abnormally proves that there is a *' know- 
ing *' of sometliiog — if we may say so — ^but does not prove 
at all that there is a ** remembering/* 



I 



The Complex-Equipotential System amd its R6lk ix 
Ikheeitahce ^ 

But we thus far have reached only negative results. Is 
the question necessarily to remain at this point, which 
tould hardly be said to he very satisfying; or could we 
perhaps get better, that is, positive results about inheritance 
by a change of our analytic methods ? Let us try to 
analyse the facte that occur in inheritance instead of 
beginning with hypotheses which claim to be complete 
explanations. Perhaps we shall gain, if but small, yet 
certainly fixed results by an analysis which goes from the 
facts to the theory and not from the theory to the facts. 

Let the discussions that are to follow be placed upon 
a basis as broad as possible. 

Our studies of morphogenetic restitution have shown us 
that besides the harmonious-equipotential systems another 
and widely different type of morphogenetic ** systems ** (ie. 
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unities consisting of elements equal in morphogenetic 
faculty) may also b© the basis of restitution processes^ 
Whiht in the harmonious system the morphogenetic acta 
performed by every single element in any actual case are 
single acts, the totality of all the single acts together forming 
the harmonious whole, in the other type of systems now to 
be examined, complex acts, that is, acts which consist of a 
manifoldness in space and in time, can be performed by 
each single element, and actually are performed by one or 
the other of them. We thei'efore have given the title of 
*' complex-equipoteutial systems " to the systems in question, 
as all our denominations are based on the concept of the 
prospective morphogenetic potency, that is of the possible 
fate of the elements. 

The cambium of the Phanerogams may be r^arded as 
the very type of a complex-equipotential system, promoting 
restitution of form* It runs through the whole stem of 
our trees, in the form of a hollow tube, placed between 
the inner and the outer cell-layers of the stem, and either 
bmnch or root may originate from any single one of its 
calls, just as circumstances require. We might call the 
cambium a system of the " complex " type of course, even 
if every one of its coustituents were able to form only a root 
or only a branch by way of restitution. Bub in fact one 
and the same element can form both of these complex- 
structures ; it depends only on its relative position in the 
actual part of t!ie stem isolated for the purposes of experi- 
ment, what will be accomplished in every case. Here we 
have a state of affairs, which we shall encounter again 
when studying regeneration in animals: every element of 
the system may be said to contain potencies for the " ideal 
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whole/' though this ideal whole will never be realised in 
its proper wholeness.^ 

But there is no need to recur to the ** ideal whole " iu 
many other cases of adventitious restitution in plants. 
On isolated leaves of the well-known begonia, a whole plants 
containing all the essential parts, may arise from any single 
cell * of the epidermis, at least along the veins, and in some 
liverworts it has been shown by Vochting, that almost 
every cell of the whole is able to reproduce the plant, as 
is also the case in many algae. 

In the animal kingdom it is chiefly and almost eolely 
the phenomena of regeneration proper which offer typical 
instances of our systems, since adventitious restitution, 
though occurring for instance in the restitution of the lens 
of vertebrates from the iris^ and though connected also with 
the events in regeneration proper* is of but secondary 
importance in animal restitutiou, at least, if compared with 
restitution in plants. If we study the regeneration of a 
leg in the common newt, we find that it may take place 
from every section, the point of amputation being quite at 

1 Ttio **idfl*l whole*' U »l»o proved to eitist, if unj gifxt% "Aalafa," tay 
of a briuieh, is forced to give uH^d t4> a root, as has rcaUy ^<<^ obi«rT«d im 
certain plants. This case^ Uke many other Iissb extreme cases of what might 
be L'^Ued ** compensatory heterotypy," are hmt ta be iintlerstood by the aid 
of the coDcept flf *' prospective poteacy/* It ia very misleading to speak of 
Si tnetamorfibosis here. I fuIJy apn"^e with Kra^n abont thi¥ qiiefltioii. See 
alto page 112, noba 1, and my Orgftn, Me^d. pp, 77, 78, 

'^ Winkler has discovered the important Tm% that the adventirious buds 
formed open leaves may originate either from one sinj^le cell of the epidermii 
or from se?eral cell a together ', a result that is very imiwrtant with reftiwc-t 
to the j>rciblem of the distribution of ** potencies." 

' The "regeneration" of the brain of annelid a for inatance i& far better 
regarded aa an adventitious formation than as regeneration proper i nothing 
indeed goes on here at the locality of the woond ; a new bmin la formed out 
of the ectoderm at a certain dUtanee from it. 
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our choice. Without regarding here the exact order of 
the regeneration phenomena^ which m almost unknown at 
present, we in any case can say without any doubt that 
the liue of consecutive poaaible cross -sections forms a 
complex-tnorphogenetic syst€m, as every one of them is 
able to give riae to a complex organ, viz. the foot and part 
of the leg. It ifl an open question whether this complex 
system is to be called *' equipotential " or not It indeed 
seems to be inequipotential at the first glance, for each 
single section has to form a diflerent oi^anogenetic totality, 
namely, always that specific totality which had been cut 
off; but if we assume hypothetically that the real *' Anlage" 
which is produced immediately by the cells of the wounded 
surface is the very same for all of them, and that it is the 
actual state of organisation which determines to what result 
this Anlage is to lead,* we may say that the series of con- 
secutive cross-sections of a newt^s leg does form a morpbo- 
genetic system of the complex -equipotential type, promoting 
secondary regulations of form. 

Now all these difficulties vanish, if we consider the 
regeneration of animals, such for instance as many worms 
of the annelid class or our familiar ascidian Clavellina, in 
which regeneration in both directions is possible. The 
wound at the posterior end of the one half which results 
from the operation forms a posterior body half, the wound 

^ A full ** snaTytic*! theory of re^nemtlon ** hu twen d«ToIcip«d elaewliere 
{Or^an. Kegul, p. 44, etc.). I can only mdntioti hcra t!i&t tnanj differ«iit 
prtiblema hftV« to be jjtadied hf .such a theory. The formfttioE of thf? 
"AnUge'* out of the body &nd the dlfTereiiti&tion of it into the completely 
fonoed rasulta of regeiieratLou are two of them. The former embnu>e« the 
queitiou about the potencies not only of the mgen^t^iiag body but of the 
elemeuti of the Anlage alao ; th^ Utter haa to deal with tbe specific order 
of the aiDgle acta of regeuerative proceasea^ 
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at the anterior end of the other half forms an' anterior one. 

m 

Again, it is the ideal whole which we meet here : each 
section of the body indeed may be said to contain the 
potencies for the production of the totality, though actually 
this totality is always realised by the addition of two 
partial organieationSp The title of complex-equipotential 
systems thus seems to be fully justified as applied to the 
systems which are the basis of regeneration : each section 
of the regenerating body may in fact produce the same 
complex whole, or may, if we prefer to say so, at least 
prepare the ground for that complex Anlage, out of which 
the complex totality is actually to arise, in the same 
manner. 

It often occurs in science, that in rather strange and 
abnormal conditions something becomes apparent which 
might have been found everywhere, which m lying before 
our eyes quite obviously, Are we not in just such a 
condition at present? In order to study the complex- 
equipotential systems, we turn to the phenomena of 
regeneration and of restitution in general ; we occasionally 
even introduce hjrpotheses to render our materials more 
convenient for our purposes; and all the time there is 
one sort of complex-equipotential system in the body of 
every living being, which only needs to be mentioned in 
order to be understood as such, and which indeed requires 
no kind of preliminary di&cussioiu The system of the 
propagation cells, in other words the sexual oi^gan, is the 
clearest t3rpe of a complex-equipotential system which 
exists. Take the ovary of our sea-urchin for instance, and 
there you have a morphogenetic system every element of 
which is equally capable of performing the same complex 
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morphogeDetic course — the production of the whole 
individuaL 

Further on we shall deal exclusively with this variety 
of our syatemSi and in doing so we shall be brought back 
to our problem of heredity. But it had its uses to place 
our concept of the complex-equipotential system upon such 
a broad basis : we at ouce gave a large range of validity to 
all that is to follow — which, indeed, does not apply t« in- 
heritance alone, though its significance in a theory of 
heredity may be called its most important consequence* 

The Second Pkoof of Life-Autonomy. Entelechv at 
THK Bottom of Inheritance 

After we had eatahlished the concept of the harmonious- 
equipotential system in a former chapter, we went on 
to study the phenomena of the differentiation of it, 
and in particular the problem of the localisation of all 
differentiations. Our new concept of the complex- 
equipotential system is to lead us to an analysis of a 
different kind : we shall pay special attention to the origin ^ 
to the ^encMs of our complex systems that show equi- 
potentiality* 

If we review the process of ontogenesis, we are able to 
trace back every complex system to a very small group of 
cells, and this small group of cells again to one single celL 
So in plants the cambium may be shown to have originated 
in a sort of tissue-rudiment, established at a very early 
period, and the ovary may be demonstrated to be the out- 
come of a group of but a few cells, constituting the first 
visible " Aalage " of the reproductive organs. At the end 
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then, or from another point of view at the beginning, 
a single cellular element represents the very primordial 
egg'CelL 

The whole cambium, there can be no doubt, must be 
regartled as the result of a consecutive number of cell- 
divisions of the one cell from which it originatea* So 
must it be with the ovary. The primordial egg-cell has 
undergone a long line of consecutive divisions j the single 
eggs are the last result of them. 

We now proceed to some coneiclerationa which have a 
certain logical similarity to those which inaugurated our 
analysis of the differentiation of the harmonious-equi potential 
systems, though the facts in question are very different. 

Viewed by itself without any kind of prepoBsessions^ as 
it might be by any one who faces a new problem with the 
single postulate of introducing new natural entities — to 
use the scholastic phrase — as Uttle as possible, the develop- 
ment of the single egg might be regarded as proceeding 
on the foundation of a very complicated sort of machine, 
exhibiting a different kind of construction in the three 
chief dimensions of space, as does also the organism which 
is to be ita result. 

But could such a theory — irrespective of all the ex- 
perimental facta which contradict it~€ould such a theory 
stand before the OT*e fact, that there occurs a gmum of that 
complex-equipotential system, of which our one single Q^g 
forms a part ? Can you imagine a very complicated 
machine, differing in the three dimensions of space, to be 
divided hundreds and hundreds of times and in spite of 
that to remain always the same whole ? You may reply that 
during the period of cell-divisiona there is still no machine, 

"5 



226 SCIENCI AND PHILOSOPHY OF THE ORGANISM 

that the maahine is established only after all the divisions 
are complete, Grood; but what then eonstructa this 
TDachine in the definitive cells of our systems, say id the 
eggs? Another aort of machine perhaps? That could 
hardly be said to be of much use. Or that eutelechy of 
which we have spoken? Then you would recur to our 
first proof of vitalism and would burden eutelechy with a 
specific performance, that is with the construction of the 
hypothetic machine which you are postulating in every 
single egg. But of course you would break the Ijounds of 
phyeicB and chemistry even then. 

It seems to me that it is more simple, and so to say 
more natural, not to recur to our first proof of life- 
autonomy in order to keep to the " machine theory " in 
this new branoh of inquiry, but to consider facts as they 
offer themselves to analysis. 

But then indeed we are entitled to draw an independent 
second proof of the autonomy of life from our analysis of 
the geneais of systems of the complex-equipotential type* 
We say it is a mere absurdity to assume that a complicated 
machine^ typically dififerent in the three dimensions of space, 
could be divided many many times, and in spite of that 
always be the whole : therefore there cannot exist any sort 
of machine as the starting-point and basis of development. 

Let us again apply the name entelechy to that which 
lies at the very beginning of all individual morphogenesis. 

Entelechy thus proves to be also that which may be 
said to lie at the very root of inheritance,^ or at least of 

1 And, of GODifi«, ftt the root of eveiy new i tar ting of oerUitt pAita of 
naotphogeneaia dbo, rw in regenetfltion and ia sdventitiouH budding ; tbe«e 
processes, as we know, beiag also founded upon **complex-equipoteiittAl 
sjatema," which have had th«ir '* genesis." 
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the outcome of inheritance ; the individual formation of the 
next generation is shown not to be performed by a machine 
but by a natural agent pit se. 



Thb Significaijck of the Material Contikuity in 

Inherit AifCE 

But what about the material continuity appearing in 
inheritance^ which we have said to be almost self-evident » 
as life is only known to exi&t on material bodies? Is 
there not^ in fact, a serious contradiction in admitting at 
the same time entelechy on the one side and a sort 
of tnaterial condition on the other as the basis of all 
that leads to and from inheritance? Neit summer the 
relation between matter and our autonomous agent of life 
will be studied more fully; at present it must be enough 
to state in a more simple and realistic way» what we hold 
this relation to be. There is no contradiction at all in 
stating that material continuity is the basis of inheritance 
on the one side, and entelechy on the other. It would 
be very inconvenient for us if there were any: for the 
material continuity is a mere fact and our entelechy we 
hope we have proved to exist also ; if now there were any 
sort of contradiction in assuming the existence of both of 
themj of course it would be fatal to our proof. 

Let us try to comprehend what is meant by the 
statement that entelechy and something material are at 
work in inheritance at the same time* Kntelecby has ruled 
the individual morphogenesis of the generation which is 
regarded as being the starting-point for inheritance, and 
will rule also the morphogenesis of the generation which 



228 SCIENCE AND PHILOSOPHY OF THE ORGANISM 

is to follow ; entelechy determines the egg to be what it is, 
and the morphogenesis starting from this egg to be what 
it is also. Entelechy, at present, is not much more for us 
than a mere word, to signify the autonomous, the irreducible 
of all that happens in morphogenesis with respect to order^ 
in the one generation and in the next. But may not the 
material continuity which exists in inheritance account 
perhaps for the material elements which are ta bem'd€redl 
In such a way, indeed, I hope we shall be able to reconcile 
entelechy and the material basis of heredity. May it not 
be that there exist some *' means " for morphogenesis, 
which are handed down from generation to generation, 
always controlled by entelechy, and which constitute the real 
significance of the continuity of matter during inheritance ? 

The Expebimental Facts about Inheritance 

Discoveries of the last few years do seem to show that 
such means of a material character, though not the founda- 
tion of that order of processes which is inherited, are 
nevertheless among the most necessary conditions for the 
accomplishment of inheritance in general It is scarcely 
necessary to remind you that for very many years all 
concrete research on heredity proper — ^that is, the actual 
comparison of the various specific characters in the genera- 
tions of the grandfather, the father, and the child — was 
due to Galton* Tou may also be aware that in spite of 
Galton'g inestimable services it was not till 1900 that one 
of the active principles concerned in inheritance was found 
independently by de Yries, Correns, and Tscharmakj and 
" "vt this principle happened to be one that had been 
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discovered already, stated with the utmost deamess and 
precision by the Aiigustinian monk, Gregor Mendel/ as 
early as 1865, though it had been completely forgotten 
ever since. 

The so-called " rule of Mendel " is ba^ed upon experi- 
ments with hybridsj that is^ with the oftfipriiig of parents 
belonging to different species, or, at least, varieties, but it 
relates not to the characterg of the generation resulting 
immediately from hybridisation, the "first" generation of 
hybrids, as we shall call it, but to the characters of that 
generation which is the result of crossing the hybrids with 
each other, provided tliat this leads to any offspring at all. 
There are many cases indeed, both amongst animals and 
plants, where the offspring of the hybrids, or in other 
terms the *' second" generation, is foimd to consist of 
individuals of three different types — the mixed ^ type of 
the hybrids themselves, and the two pure types of the 
grandparents. Whenever the individuals of tlie "second" 
generation are separated into these three different types, 
hybrids are said to *' split." It is the fact of this splitting 
on the one hand, and on the other hand a certain statement 
about the ntmibers of individuals in the three different 
types of the "second" generation, that gives its real 
importance to Menders rule. 

Before discussing what may follow from MendeFs 
discovery for the theory of heredity, we must lay stress 



* Niw edition id the ** Kl&ssiker d. exnkt. Witt." Ldp^, Eng^lmftun ; 
mt ibo B&U«on, MendeVs Prindple^ g/ BrttdUy^ Cftmbii^, 1902. 

^ FoT the sake of aimplieity I flLftll not deal here with those cases trf 
hybrid isxiti on in which one quality if! ** recesifive," the other *'domiB*at," 
hut only allnde to th« cAtieaj less nnmemus though they be, where a re&l 
mijiture of maternal and paternal qunUtiefl occunii 
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OQ the imt that there are many exceptions to his rule* 
In quite a number of cases the hybrids are of one or more 
types, which remain constant : there is no splitting at all 
in the second generation. But that does not affect the rule 
of Mendel in those cases where it is true. Where there 
is a *' splitting " in the second generation, there also are the 
nmneiieal proportions stated by Mendel; there never are 
other relations among the uumbere of individuals of the 
mixed and of the two pure types than those given by his 
nile, I regard it as very important that this real meaning 
of Mendel's principle should be most clearly understood. 

From the fact of the splitting of hybrids in the second 
generation most important consequences may be drawn for 
the theory of uiheritance ; the split individuals, if crossed 
with each other, always give an offspring which remaina 
pure ; there is no further splitting and no other change 
whatever. The germ-cells produced by the split individoals 
of the second generation may therefore be said to be 
"pure," as pure as were those of the grandparents. But 
that is as much as to say that the pureness of the germ- 
cells has been preserved in apite of their passing tlirough 
the " impure " generation of the hybrids, and from this fact 
it follows agaiu that the union of characters in the hybrids 
must have been such as to permit pure separation : in 
fact, the germ-cells produced by Mendelian hybrids may 
hypothetically be regarded as being pure themselves.^ 

We have not yet considered one feature of all expert* 

* Thia hypothesis wm firit sagfjcsted by Suttou nml is at present haJd by 
orth&iloat Metidt«lUnsi ; but probubly thitiga ure a little roore complicated in 
reality, as seems to be shown by some facts in the behadour of ao -called 
'* eaitnacted recessiTe*.'' In Morgan's E^epfHrn^nUt? Eu&lOijy^ New York, 1907, 
A full Bceouut of the whole toAtter ia given. 
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ments in hybridisation, which indeed seems to he the most 
important of all for the theory of inheritance, if taken 
together with the fact of the pureness of the germs. The 
rule of Mendel always relates to one single character of 
the species or varieties concerned in hybridisation, and if 
it dealB with more than one character, it regards every one 
of them separately ; indeed, the rule holds for every one 
of them irrespective of the others. We cannot study here 
how this most important fact uf the independence of the 
single chamcters of a species with regard to inheritance 
leads to the production of new races, by an abnormal 
mixture of those characters. We only take advantage of 
the fact theoretically, and in doing so, I believe, wa can 
hardly escape the conclusion tliat the iiidependence of 
the single characters in inheritance, taken together with 
the pureness of the germ-cells in the most simple form 
of hybrids, proves that there occurs in inheritance a sort 
of handing over of single and separate morphogenetic 
agents whiclt relate to the single morphogenetic characters 
of the adult. We may use Bateson*s word " allelomorphs " 
for these agents, or units, as they may he called, thereby 
giving expression to the fact that the single and separate 
units, which are handed over in inheritance, correspond to 
each other in nearly related species without being the same. 

And so we have at least an inkling of what the material 
continuity of inheritance is to mean, though, of course, our 
" single and separate morphogenetic agents," or ** units " or 
** allelomorphs " are in themselves not much more than 
unknown somethings described by a word ; but even then 
they are ''somethings." 

Besides the researches relating to the rule of Mendel 
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and its exceptions, founded, that ie, upon a study of the 
" second *' generation of hybrids, there is another important 
line of reaearch lately inaugurated by Herbst, which in* 
vestigates the first generation in hybridieation. The hybrids 
themselves are studied with the special purpose of finding 
out whether the type of the single hybrid may changa 
according to the conditions of its developmeut, both outer 
and inner. The discoveries thus made may lead some day to 
a better understanding of the intimate nature of the " unita ** 
concerned in heredity, and perhaps to some knowledge of 
the arranging and ruling factor in morphogenesis also. 

Starting from the discovery of Vernon, that the hybrids 
of sea-urchins are of dififerent types according to the 
season, Herbst* was able to show that differences among 
the hybrids with regard to their being more of the paternal 
or more of the maternal type, are in part certainly dn^ to 
dififerences in temperature. But there proved to be still another 
factor at work, and Herbst has succeeded in discovering this 
factor by changing the internal conditions of morphogenesis- 
Whenever he forced the eggs of Sphaerechiim^ to enter into 
the first ^ phase of artificial parthenogenesis and then fertilised 
them with the sperm of Echinus, he was able to approximate 
tlie offspring almost completely to the maternal type, whilst 
under ordinary conditions the hybrids in question follow 
the paternal far more than the maternal organisation. 

What is shown, in the first place, by these discoveries 

^ Ar^ mam. Mcth. 21, 2% and 24, 1906-7 ; nm &l»o Doiicfcit«r, PML Trang. 
Itoiffd Hm. Lotidon, B^ ISB^ 1900. Tlie inOu^aee of differaiit tempemtare 
«pon tbe organ Uation of the hybrids i» not always quite pare, inasmuch ai 
the pAtemal and the matemd fonns may themaelves be changed bj this agtnt* 
In ipite of thftt there exists &ii influence of the temperature upon the hybrid 
Of nt^A-i at leafit with regard to certain feature of iu organic tton, 

^ Only the nudeuB of the «gg had entered ita firet stagea of actiTitj. 
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is the importance of an arranging and niling factor in spite 
of all units. The organiBm is always one wluiik whether the 
paternal properties prevail or the more complicated maternal 
ones; in other words, all so-called properties that consist in the 
sjxdial relalimis of parU have nothing to do with ** units *' or 
*' allelomorphs/* which indeed cannot be more tlian necessary 
means or materials, requiring to be ordered. As to the 
character of the morphogenetic single and separate unita 
themselves Herbst is inclined to regard them aa specific 
chemical substances which unite correspondingly during 
nuclear conjugation, forming a sort of loose chemical 
compound It would depend on the constitution of this 
compound whether germ-cells of Ijyhrids could become 
pure or not. 

The E6lk of the Nucleus in Inheritance 

At the end of our studies on heredity we hardly cau 
avoid saying a few words about the problem of the localisa- 
tion of the morphogenetic units in the germ-cells themselves. 
Is it in the protoplasm or in the nucleus that they are 
placed ? You all know that this question was for a long 
time regarded aa more important than any other, and 
perhaps you have already blamed me for not raising it 
until now. But in my opinion results gained by the 
purely analytical method and carefully established, am 
always superior to those which are of a merely descriptive 
nature and doubtful besides. The famous problem of 
tlie part played by the nucleus in inheritance is both 
descriptive and doubtful ; it is only, so to say, of factual, 
not of analytical importance, and quite insoluble at pre^nt 
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As for our secood proof of vitalism, stating that no kind 
of machine iaside the genn-cells can possibly be the 
foundation of their morphogenesis, it is clear that the 
protoplasm and the nucleus may both come into account 
here on equal terms. If you prefer to say ao, it is to the 
nucleus and to its division in particular that the second 
proof of autonomy relates, while the first, though not over- 
looking the presence of nuclei,^ deals " especially " with the 
protoplasmic nature of its *' systems," 

What then can we say, on the basis of actual facts, about 
the part taken by the protoplasm and by the nucleus in 
inhentance, now that we have learnt from our analytical 
discussion that both of them cannot be any kind of 
morphogenetic machine, but can only be means of morpho- 
genesis ? Let us 8tate our question in the following way : 
whereabouts in the germ - cells are those " means " of 
morphogenesis localised, the existence of which we infer 
from the material continuity in the course of generations 
in general and from the facts discovered about hybridisa- 
tion in particular ? 

The first of the facts generally said to support the 
view that the nucleus of tlie germ-c«lls exerts a specified 
infiuence upon the processes of development and inheritance, 
relates to the proportion between protoplasm and nuclear 



' The Mrat proof of ritalisni, indeed, reata upon the analysis of the 
differeotiatioti of an barmoti ions- equipo ten till system as & tehoie : this whoi§ 
{jannoi t>e & machine that would relate to differentiation a^ a wh^U : the 
qnestion whether there might be imy m«/ehiD<i$ distributed in the whole, iu 
the form of the nuclei is of no import&ncfl at all in thit argument Moreorer 
the pmHiiiire experimeuts (ft«e jmge 63} pn>Te the unimportance of such 
**iiiaebines'* for the spectSeity of diflereuti&tion^ and the secotid proof of 
Tttdiam shows thai th<? nuclei cautiot be regarded as machines accountmg for 
differentiation in any way. 
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material id the egg and in the sp^rmiae. This proportiou 
is very different in the two sexual products, as we know, 
there being an enormous preponderance of the protoplasm 
in the egg, of the nncleua in the spermatozoon. Tliis seems 
to indicate that the proportion between protoplasm and 
nucleus is faii^ly indiflerent for inheritance, as all the facta 
go to show that inheritance from the father is as common 
as inheritance from the mother. It h in the nucleus, and 
in the nucleus alone, that any simUarity of organiBation 
exists between the two sexual products, so very different 
in all other respects : therefore the nucleus should be the 
organ of inheritance. The phenomena of nuclear division, 
of karyokinesis, which are quite equal in both sexual cells, 
are certainly well fitted to support this hy|K)th6sis. 

There seems indeed to be some truth in this reasoning, 
but nevertheless it must remain hypothetical ; and it must 
never be forgotten that there may be very probably some 
sort of morphogenetic importance in protoplasm also, Eauber 
and afterwards Eoveri ^ have tried to prove experimentally 
that it is on the nuclear chromatic substance only that 
inheritftuce depends, but the first of these aiithois failed 
to get any results at aU, and the latter obtained only am- 
biguona ones, Godlewski, on the contraiy, has fertilised 
purely protoplasmic egg-fragments of the sea-urchin with 
the sperm of quite another group of Echinoderms, and 
obtained in spite of that a few stages of development of the 

' Bctven tried to fertilUe euucletted firagmenta of the egg of ^aham'^ekmuM 
witli the sperm of Echimis. He failed to get any results m iaolftiid experi- 
mmVi, but found a few small larvae of the pure EchinttA type m large 
cultores conaiatitig of shaken eggs. But later experiinenta on liybricJiaatioa 
in leA'tirchins have shown that a full bjbrid of Echinun and ^agrrnhHOis 
may be purely paternal also. 
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pure maternal type. This experiment seems to place the 
raorphogeDetic importance of protoplasm beyond all doubt 

I should prefer not to make any de&ute statement 
about our problem at present Our actual knowledge 
of the organisation and metabolism of both nucleus and 
protoplasm is m extremely small and may relate to sucli 
very insignificant topics, that any definite decision is ini* 
possible. I myself believe that the nucleus plays an 
important part in heredity, perhaps even a greater one 
than protoplasm, but this is only my belief.* 

The discovery of Gmber and others, that Protozoa are 
only capable of restitution if they contain at least a frag- 
meiit of the nucleus, haa also been used occasionally as h 
proof of the morphogenetic importance of the nucleus. But 
might not this absence of restitution where nuclear 
material is lacking be understood equally well on the 
hypothesis of Loeb and R S. LiUie that the nucleus is a 
centre of oxidation in the cell ? Remove the heart from 
a vertebrate and the animal will not digest any more ; but 
in spite of that the heart is not the organ of digestion. 

And so we lay stress once more upon this point : that 
the experimental results of hybridisation and the analytic^ 
results obtained by the discussion of the complex- 
equipotential systems ai^ of greater value to the theory 
of heredity than all speculation about the importance or 
unimportance of special constituents of the cell, of whose 
organisation, chemistry, and physics, scarcely anything is 
known at present.' 

1 Surely tli« new remits of Herbit, mtntionodalxjTe, are another iudicatioa 
<»f tbe importance of aometlimg in the nucleQa. Tb« first stage in partheno* 
genesis, which he tued in his ex|>erimei]ta, is i nmeldar phenomenon. 
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Variation akd Mutation 

Heredity, it has been said, may be understood as resting 
upon the fact that each organiam forms ita own initial 
stage again, and that this initial stage always encounters 
conditions of the same kind. 

If this statement were quite correct, all the individuals 
of a given species would be absolutely alike everywhere 
and for even But they are not alike ; and that they are 
not alike everywhere and for ever is not merely the only 
real foundation of the so-called theory of descent we 
possess, but alao forces us to change a little our definition 
of heredity, which now proves to have been only a sort of 
approximation to the truth, convenient for analytical 
discussion* 

In the first place, the conditions which surround the 
itiitial stages of morphogenesis are not quite equal in every 
respect : and indeed the oflspring of a given pair of parents, 
or better, to exclude all complications resulting from 
sexual reproduction, or amphimixis, as Weismann called 
it — ^the offspriug of one given parthenogenetic female are 
not all equal among themselves. The individuals of each 
generation are well known to vaiy, and it is especially in 
this country that the so-called individual or fluctuating 

mud '*Mkii'Sttidien VI/V*jt, ^Uschr, 43, 1907) h*e m«*le it highly probabl© 
bj «xx>enmeiits tbftt the different chroQioaonies of the nuoleun of the lexu&l 
liroductfl play & different part jn mor|>liog«ne«B, though not in th& «eiit»c of 
dil!erent smi^ls representatives of different single organs. This doctrine, of 
coiirsi\ wodd not alter the whole problem very mucli : the ckromoeomea 
would only be vt«atM of luorpbogeneaiA and notbiDg else, no matter whether 
they were of equal or of diir«t«?tit formative value* It only is with regard to 
the problem of the de tormina tion of sex (»ee page 107, note 3), thai the 
mofphogenette aingulantj of om certauQ apecifie obromoeotue can be aaid to 
be proved. 
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^ H. M. Vernon, Variations in Animals and J 
* De Vries, Die MtUationstheorie, L, 1901 ; ai 
42, 1905. 

' They would not be "real exceptions" if K1 
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foundation of all theories of descent, as we shall see in the 
next lectures. " Mutations " are known to exist at present 
only among some domesticated animals and plants. Nothing 
of a more general character can be said about their law or 
meaning.^ 



' H. de Vries, Species and VarisHei : their Origin by JitUaUon^ London, 
1905. A short review of the "mutation-theory" is given by Franc^ in 
Zeit$ehr\ft /. (L Auebau <L Eniwidcelungdekrej L 1907. It is well known 
that Gantier, and, in the first place, Korshinsky, advocated a similar view 
previous to the authors named in the text. 
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apite of that remain what it was. There cannot be, on the 
other hand, any sort of machine as the real foundation of 
the whole of an barmODious system, ineludiug many cells 
and many nuclei, because the development of this system 
goes on normally, even if ita parts are rearranged or partly 
removed, and because a machine would never remain what 
it had been in such cases. 

If our analytical discussions have thus led ua to establish 
a typical kind of vitaliamp it follows that we can by no 
means agree with Wilhelm Koux in his denomination of 
the analytical science of the individual form and form* 
production as '* Entwickelungsmechanik," ** developmental 
mechanics/' a title, which, of course, might essUy be 
transformed into that of ** morphogenetic mechanics " to 
embrace not only normal development^ but restitution and 
adaptation too. We feel unable to apeak of ** mechanics " 
where just the contrary of mechanics, in the proper meaning 
of the word, has been proved to exist. 

Names of course are of comparatively small importanoei 
but they should never be allowed to be directly misleadiDg» 
as indeed the term " Entwickelungsmechanik '* has already 
proved to be. Let us rather say, therefore, that we have 
finished with this lecture that part of our studies in biology 
which has had to deal with morphogenetic physiology or 
physiological morphogenesis. 

Once more we repeat, at this resting* point in our 
discussions, that both of our proofs of life-autonomy have 
been based upon a careful analysis of certain facts about 
the distribution of morphogenetic potencies in two classes 
of morphogenetic systems, and upon nothing else. To 
recall only one point, we have not said that regeneration, 

i6 
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PART II 
SYSTEMATICS AND HISTORY 

A. THE PRINCIPLES OF SYSTEMATICS 

Rational Systematics 

All systematics which deserves the predicate " rational " is 
founded upon a concept or upon a proposition, by the aid of 
which a totality of specific diversities may be understood. 
That is to say : every system claiming to be rational gives 
us a clue by which we are able to apprehend either 
that there cannot exist more than a certain number of 
diversities of a certain nature, or that there can be an 
indefinite number of them which follow a certain law with 
regard to the character of their differences. 

Solid geometry, which states that only five regular 
bodies are possible, and points out the geometrical nature of 
these bodies, is a model of what a rational system should be. 
The theory of conic sections is another. Take the general 
equation of the second degree with two unknowns, and 
study all the possible forms it can assume by a variation 
of its constants, and you will understand that only four 
different types of conic sections are possible — the circle, the 
ellipse, the hyberbola, and the parabola. 
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fundamental concept or proposition which t-anies with it a 
principle of division ; or to express it somewhat differently, 
which would lead to contradictions, if division were to be 
tried in any bat one particular manner. The so-culled 
" genus," as will easily be perceived, then embraces all its 
** species " in such a manner that all peculiarities of the 
species are represented already in properties of the genus, 
only in a more general form, in a form which is still uu- 
specified The genus is both richer in content and richer in 
extent than are the species, though it must I)e added that 
its richness in content is, as It were, only latent : but it 
may come into actuality by itself and without any help 
from without 

We are dealing here with some of the most remarkable 
properties of the so-called synthetic judgments a priori in 
the sense of Kant, and, indeed, it se-ems that rational 
systematics will only be possible where some concept of the 
categorical class or some proposition based upon such 
concept lies at the root of the mutter or at least is connected 
with it in some way. In fact, all rational systems with 
regard to the i-elations of symmetry in natural bodies deal 
ultimately with space ; or better, all systems in such lields 
are able to become rational only if they happen to tiun into 
questions of spatial symmetry. 

All other genera and species, whether of natural bodies 
or of fact8> can be related only on the basis of empirical 
abstraction, i,e. can never attain rationality: her©, indeed, 
the genus is richer in extent and poorer in content than 
are the species. The genus is tranaformed into the species, 
not by any inherent development of latent properties, but 
by a mere process of addition of characteristic points. It is 
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important characteriatica There has been a teal wefghiag 
of all the pomble reasons of division , and that has led to a 
result which seems to be to some extent final 

But, neverthelesSi we do uot understand the raiBon 
d'etre of the system of organismB ; we are not at all able 
to say that there must be these classes or orders or 
families and no others* and that they must be such as 
they are. 

SliuU we ever be able to understand that? Or will 
organic aystematicB alwayR remain empiriail classification ? 
We cannot answer this question. If we could, indeed, we 
should have what we desire ! As simple relations of space 
are certainly not the central point of any problematic 
rational organic systematics even of the future^ the question 
ariseB, whether there could be found any princii»le of 
another tj'pe in the realm of synthetie a priori judgments 
which could allow an inherent sort of evolution of latent 
diversities, as do all juclgments about spatial symmetry* At 
the end of the second course of these lectures, which is to be 
delivered next summer, we shtiU be able to say a few more 
words about this import^int point. 

The concept of what is called " a type " due almost 
wholly to Cuvier and Goethe, is the most important of 
all that dassification has given to us* Hardly second in 
importance ia the discovery of the " correlation of parts/' as 
a sort of connection which has the character of necessity 
without being immediately based upon causality, Eadl 
seems to be the only modem author who has laid some 
stress on this topic. The harmony which we have dis- 
covered in development is also part of this correlation. 
Whai, later on, we eome to discuss analytically our well 
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Our systematics is one of the two chief parts of biology ; 
what are called comparative anatomy and comparative 
embryology are its methods. For it must be well under- 
stood that these branches of research are only methods 
and are not sciences by themselves. 
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. THE THEORY OF DESCENT 

1, Generalities 

^Qerally conceded at the present time that 
existing state of all oigamsmB whatsoever is 
their history. What does that mean ? What 
Qtlations upon which the assumption rests? 
relatioo of systematica to history ? In raising 
Ui^ and considerations we are treading the 
I to the theory of des^cent. 
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we know nothing of an evolutionary charac^ter in the 
problematic pedigree of the organisms, as we shall see more 
fuEy hereafter. The term ** theory of descent " is there- 
fore less open to objection than is the usual English term. 
The word tranaformism, as used by the French, would also 
be a very good title. 

The theory of descent is the hypothetic statement that 
the organisms are really allied by blood among each other, 
in spite of their diveraities-* The question about their 
so-called monophyletic or polyphyletie origin is of secondary 
importance compared with the statement of relationship in 
generaL 

There are two different groups of facts which have 
suggested the idea of transformism : none of these facts can 
be said to be conclusive, but there certainly is a great 
amount of probability in the whole if taken together. 

The first group of evidences which lead to the hypothesis 
of the real relationship of organisms consists of facts relat- 
ing to the geographical distribution of animals and plants and 
to palaeontology. As to geography, it seems to me that the 
results of the floral and faunal study of groups of islands 



^ W« prefer this nnpn^tending definition of the theory of descint to CTory 
other. As ^oon ay one t u trod u tea into the detinition the oom^pt of the 
*' tmiumnt Ability of species," the term **Bpeoi©«" would recjuire a simciml 
detinitioii, fl.nd th»t would lead to difficulti»8 wfaioh it ia unnecessary 
to d«a] with for our m&ln purpoaes. It has been remArkod by KraSan, 
(AimehUn und Ot^rmchc iiber die imdividmtk und sptcifisdm Gestaliuntf 
in der Natur) ajid by tfereral other writ*rB» that the problem of 
tnutability or immuUbility of cotirae relatua to the iDdiTidunlii in the firat 
place, I should tike to Add to this remark that tho possibility must be 
admitted of the Indiriduiils being trausmutable, whilst the *' species" 
Are not tran^mutable at the same titne, the line of the ' * species " being a fixed 
order, through which the *^ individuak " have to pass in the course of their 
ge Derations, WTiat is meant here will become ole»rer, whea we study the 
di He rent j>o8sible oapeota of '*phylogeny/' 
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are to be meDtioned in tbe first place If, indeed, on each 
of the different iBlandg, ABO and i?, forming a group, 
tbe species of a ceitain genua of animals or plants aze 
different in a certain r^peet, and show differences also 
compared with the spedea living on the neighbouring 
continent, of which there is geological evidence that the 
idands once formed a part, whilst there is no change in 
the species on the continent itself for varj wide areas^ thea, 
no douht, the hypothesis that all these differing specie 
onee had a common origin, the hypothesis that there is a 
certain community among them all, will serve to elucidate 
in some way what would seem to be very abstruse without 
it. And the same is true of the facts of palaeontology* 
In the geological strata, forming a continuous series, you 
find a set of animals, always typical and specific for every 
single stratigrapbioal horizon, but forming a series just as 
do those horizona Would not the whole aspect of these 
facts lose very much of its peculiarity if you were to 
introduce the hypothesis that the animals changed with 
the strata? The continuity of life, at least, would be 
guaranteed by such an assumption. 

The geographical and geological evidences in favour of 
the theory of descent are facts taken from sciences 
which are not biology proper ; they are not facta of the 
living but only facts about the living. That is not quite 
without io^cal importance, for it shows that not biology 
alone has led to the transformism hypothesis. Were it other- 
wise» transformism might be said to be a mere hypotheais 
ml hoc I but now this proves to be not the case, though 
wa are far from pretending that transformism might be 
regarded as resting upon a real causa vera. 
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But let us study the second group of facta which 
support the theory of descent. It is a group of evidences 
supplied by biology itself that we meet here, there being 
indeed some futures iu biology which can be said to gain 
some light, some sort of elucidation, if the theory of descent 
is accepted Of course, these facts can only be such as 
rekte to specific diversities, and indeed are facts of 
systematica; in other words, there exists something in 
the very nature of the system of organisms that renders 
tTansformisra probable. The system of animals and plants 
is based upon a principle which might be called the 
principle of s^tmilarities and divernties by gradation ; its 
categories are not uniform but diflferent in degree and 
importance, and there are different kinds of such differences. 
No doubt, some light would be shed upon this character 
of the ^stem, if we were allowed to assume that the relation 
between similarities and diversities, which is gradual, 
corresponded to a blood-relationship, which is gradual also. 

THE COVERT PRESUMPTION OF ALL TIIEOHIES OF DESCENT 

We have used very neutral and somewhat figurative 
words, in order to show what might be called the logical 
\'alue of the theoiy of descent, in order to signify its 
value with respect to so-called "explanation/' We have 
spoken of the *' light" or the "elucidation" which it brings, 
of the "peculiarity of aspect" which is destroyed by it 
We have used this terminology intentionally, for it is very 
important to understand that a specific though hidden 
addition is made almost unconsciously to the mere state- 
ment of the hypothesis of descent as such, whenever thia 
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hjppotheais is advocated in order to bring light or eliicidatiou 
into any field of ayateinatic facts. And this additional 
hypothesiit indeed must be made from the very begin ningj 
quite irrespeetive of the moi^ detailed problems of the law 
of tranaformism, in order than an^ sort of so-called ax- 
phination by means of tlie theory of descent may be possible 
at alL Whenever the theory that, in qiite of their 
diversities^ the organisms are related by blood, is to be really 
useful for explanation, it must neoessarily be assumed in 
every CJtse that the steps of change, which have led the 
specific form A to become the specific form B, have been 
such as only to change i7i part that original form A. 
That is to say : the similmtiea between A and B must 
never have become overshadowed by their diversities. 

Only on this assumption, which indeed is u newly 
formed additional subsidiary hypothesis, joined to the 
original hypothesis of descent in general — a hypothesis 
regarding the very nature of transformiam^-oaly on this 
almost hidden assumption is it possible to speak of any 
sort of " explanation " which might be offered by the 
theory of traneformism to the facts of geography, geology, 
and biological syeteniatics* Later on we shall study more 
deeply the logical nature of this " explanation " ; at present 
it must be enough to understand this term in its quasi- 
popular meaning. 

What is explained by the hypothesis of descent — in- 
cluding the additional hypothesis, that there always is a 
prevalence of the similarities dming transformism — is ths 
fact that in xmlaeontology, in the groups of island and 
continent faunae and florae taken as a whole, as well as in 
the single categories of the system, the similarities exceed 
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the diversities. The similarities now are '* explained " ; 
that is to say, they are uoderstood as resting on but one 
principle: the similarities are understood m being due to 
inheritance ; ' and now we have but one problem instead 
of an indefinite number. For this reason Wigaud granted 
that the tlieory of descent affords what be calls a numerical 
reduction of problems. 

Understanding then what is explained by the theory 
of descent with its necessary appendix, we also understand 
at once what ia not elucidated by it : the divei'sities of the 
organism remain as unintelligible as they always were, 
even if we know that inheritance is responsible for 
what ia similar or equal Now there can be no doubt 
that the diversities are the more important point in 
systematies; if there were only similaritiea there would 
he no problem of systematies^ for there would be no system. 
Let us be glad that there are similarities in the diversities, 
and that these similarities have been ejcplalned in some 
way; but let us never forget what is still awaiting its 
explanation, Unfortunately it has been forgotten far too 
often. 



THE SliALL VjiLUK OF PURB PHYLOGEHY 

And so we are led to the negative side of the theory 
of transformism, after having discussed its positive half. 
The theory of descent as such, without a real knowledge 

■ It aeaniB to iiae tb&t my srgument gi^ej» « broader logioal baai« to the 
theory ©f ddiMUt than doea that of G. Wolff {Die BetfrUndim^ der 
Abat€tmmungMkhr€^ MuouLeii, 1907). Wolff sturts from the ooncspt of 
orgiiuic teleology, awd thus finds the only reanoo for ivceepting the theory 
of transformism m the existence of 80 -called ^' rudimentary organs " ; tbe»e 
organs woiild form an obstacle to tokology if they could not be regarded 
as inherited. 
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of the factors which are concerned in tmnaformism, or of 
the law of tmnsformism, in other terms, leaves the problem 
of systematics practically where it was, and adds really 
nothing to its Bolution. That may seem very deplorable, 
bnt it is true. 

Imagine so-called historical geology, without any know- 
ledge of the physical and chemictal factors which are 
concerned in it: what would you have except a series of 
facets absolutely unintelligible to you I Or suppose that 
some one stated the cosmogeuetic theory of Kant and Laplace 
without there being any science of mechanics i what would 
the theory mean to you ? Or suppose that the whole 
history of mankind was repealed to you, but that you 
had absolutely no knowledge of psychology : what would 
you have but facts and facts and facts again, with not a 
morsel of real explanation ? 

But such is the condition iu which so-called phylogeny 
stands. If it is btised only on the pure theory of trans- 
formism, there m nothing explained at alL It wag for this 
retison that the philosopher Liebmann complained of phylo* 
geny that it furnishes nothing but a '' gallery of ancestors*" 
And this gallery of ancestors set up in phylogeny ia not 
even certain ; on the contrary, it is absolutely uncertain, 
and very far from being a fact. For there is no sound 
and rational principle underlying phylogeny; there ia 
mere fantastic speculation* How could it be otherwise 
where all is baaed upon suppositions which themselves 
have no leading principle at present? I should not like 
to be misunderstood in my polemics against phylogeny. 
I fully grant you that it may be poaaible in a few cases 
to find out the phylogenetic history of smaller groups with 
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some probability, if there is some palaeootological evidence 
in support of pure comparatiYe anatomy; and I also do 
not hesitate to allow that such a statement would be of 
a certain value with regard to a future diecoveiy of the 
**law8" of descent, especially if taken together with the 
few facta known about mutationa But it is quite another 
tiling with phylogeny on the larger scale. Far more 
eloquent than any amount of polemics is the fact that 
yertebrates, for instance, have already been "proved" to 
be descended from, firstly, the amphioxua; secoudly, the 
annelids; thirdly, the Sa/^itta type of worms; fourthly, 
from spiders ; fifthly, from Limulus, a group of crayfishes ; 
and sixthly, from echinoderm larvae. That is the extent 
of m^ acquaintance with the literature, with which I do not 
pretend to be specially familiar* Emil du Bois-Eeymond 
said once that phylogeny of this sort is of about as much 
Bcieutific value as are the pedigrees of the heroes of Homer, 
and I think we may fttUy endorse his opinion on this 
point 



HISTORY AND SYSTEMATICS 

A few words should be devoted to the relations between 
history and systematies in biology. Is there no contra- 
diction between hietorical development and a true and 
rational system which, we conceded, might exist some 
day in biological sciences, even though it does not at 
present ? By no means, A totality of diversities is 
regarded from quite different points of view if taken as 
the material of a system, and if considered as realised in 
time. We have said that chemistry has come very near 
to proper rational systematies, at least in some of its 

17 
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special fields; but the compounds it deals mth at the 
same time may be said to have originated historically also, 
though not, of course, by a process of propagation. It ifi 
evident at once that the geological conditions of very early 
times prohibited the existence of certain chemical com- 
pounds, both organic and inorganic, which are known at 
present. None the less these compounds occupy their 
proper place in the aystem. And there may be many 
substances theoreticallj known to chemical systematics 
which have never yet been produced, on account of the 
impossibility of arranging for their proper conditions of 
appearance, and nevertheless they must be said to " exist,** 
"Existence," aa understood in systematics, is independent 
of special space and of special time, as is the existence of 
the laws of nature : we may speak of a Platonic kind of 
existence here. Of course it does not contradict this sort 
of ideal ejdstence if reality proper is added to it 

Thus the problem of systematica remains, no matter 
whether the theory of descent be right or wrong. There 
always remains the question about the totality of diversities 
in life : whether it may be understood by a general prin- 
ciple, and of what kind that principle would ba As, in 
fact, it is most probably by history, by descent, that 
organic systematics is brought about, it of course most prob- 
ably will happen some day that the analysis of the causal 
factors concerned in the history will serve to discover the 
principle of systematics also. 

Let UB now glance at the different kinds of hypotheses 
which have been established in order to explain how the 
descent of the organisms might have been possible. We 
have seen that the theory of transformism alone is not 
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worth very much as a whole, unless at least a hypothetical 
picture can be formed of the nature of the transforming 
factors: it is by some such reasoning that almost every 
author who has defended the theory of descent in its 
universality tries to account for the manner in which 
organisms have acquired their present diversitie& . 



2. The Principles op Darwinism 



Lo need in our times and particularly in this 

explain in a fuH manner the theory known 

name of DarwiniBm. All of you know thia 

past in its outlines^ and bo we may enter at once 

Jilytic discuasiou. A few worda only I beg you 

an as to the name of " Darwinism " itself* 

my, Darwinism, and the opinion of Charles 

lilt the descent of orgauism«, nvu two LliU't^reut 

Irwin, the very typtj of a man devoU^d by .science 
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oot the possession of tnith but the searching after it, that 
gives happioeBS to man. It was but an outcome of this 
mental condition that Darwin's polemics never left the 
path of true scientific discuBeione, that he never in all 
hlB life ahnsed an^ one who found reason to combat his 
hypotheses, and that he never turned a logical problem 
into a question of morality* 

How different is this from what many of Darwin's 
followers have made out of his doctrines, especially in 
Germany ; how far is '* Darwinism " removed from Darwin's 
own teaching and character ! 

It is to Darwinism of the dognrmiw kind, however, that 
our next discuBsions are to relate, for, thanks to its 
dogmatism, it has the advantage of allowing the very sharp 
formulation of a few causal factors, which a p'tart might 
be thought to be concerned in organic transfonnism, though 
we ai^e bound to say that a really searcliing analysis of 
these factors ought to have led to their rejection from the 
very beginning* 

The logical structure of dogmatic Darwinism reveals 
two different parts, which have nothing at all to do with 
one another. 



NATURAL SELECTION 

We shall first study that part of it which is known 
under the title of natural selection, irrespective of the 
nature of the causes of primary differences, or. in other 
words, the nature of variability. This part may be said 
to belong to Darwin's personal teachings and not only to 
" Darwinism." The offspring of a certain number of adults 
show differences compared with each other ; there are more 
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iBdividuals in the offspring thaa can grow up under the 
given conditions, therefore tliere will be a struggle for 
existence amonget them which only the fittest will survive ; 
these survivors may be said to have been ** selected *' by 
natiu-al means. 

It must be certain from the very beginning of analyeis 
that natural selection, as defined here, can only eliminate 
what cannot survive, what cannot stand the environ- 
ment in the broadest sense, but that natural selection never 
is able to create diversities. It always acts negatively 
only, never positively. And therefore it can " explain " — 
if you will allow me to make use of this ambiguous word^ — 
it can *' explain " only why certain types of organic specifica- 
tions, imaginable a prion, do not actually exist, but it never 
explains at all the existence of the specifications of animal 
and vegetable forms that are actually found* In speaking 
of an '* explanation " of the origin of the living specific fonos 
by natural selection one therefore confuses the sufficient 
reason for the non-existence of what there is not, with the 
sufficient reason for the existence of what there is. To say 
that a man has explained some organic character by 
natural selection is, Ln the words of Nageli, the same as if 
some one who is asked the question, "Why is this tree 
covered with these leaves," were to answer " Because the 
gardener did not cut them away," Of course that would 
explain why there are no more leaves than those actually 
there, but it never would account for the existence and 
nature of the existing leaves as such. Or do we understand 
in the least why there are white bears in the Polar Hegione 
if we are told that bears of other colours could not survive ? 

In denying any real explanatory value to the concept 
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of natural selection I am far ivom denying the action of 
natural selection. On the contrary, natural selection, to 
some degree, is sdf-evideni ; at least as far as it simply 
states that what is incompatible with permanent existence 
cannot exist permanently, it being granted that the 
originating of organic individuals is not in itself a 
guarantee of permanency. Chemical compounds, indeed, 
wliich decompose very rapidly under the conditions exist- 
ing at the time when they originated may also be said 
to have been eliminated by "natural selection*" It is 
another question, of course, whether in fact all eliminations 
among organic diversities are exclusively due to the action 
of natural selection in the proper Darwinian sense. It 
has been pointed out alre^y by several critics of 
Darwinism and most clearly by Gustav Wolff, that there 
are many cases in which an advantage with regard to 
situation will greatly outweigh any advantage in organisa- 
tion or physiology. In a railway accident, for instance, the 
passengers that survive are not those who have the strongest 
bones, but those who occupied the best seats; and the 
eliminating eflect of epidemics is determined at least as 
much by localities, e,g, special houses or special streets, as 
by the degree of immunity. But, certainly, natural selection 
is a caum vera in many other caeea. 

We now may sum up our discnasion of the first half 
of Darwinism* Natural selection is a negative, an elimi- 
nating factor in transformism ; its action is self-evident to 
a very large degree, for it simply states that things do 
not exist if their continuance under the given conditions 
is impossible. To consider natural selection as a positive 
factor in descent would be to confound the sufficient reason 
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for the non-exiefcence of what is not, with the sufficieiit 
reaeou of what is. 

Natural selection has a certain important logical beanng 
on systematica, as a science of the future, which has scarcely 
ever been alluded to. Systematica of course has to deal 
with the totality of the possible, not only of the aetnal 
diversities; it therefore must remember that more forms 
may be poBsible than are actual, the word "possible" 
having reference in this connection to originating, not to 
surviving* Moreover, systematica is concerned not only 
with what has been eliminated by selection, but also with 
all that might have originated from the eliminated typesL 
By Buch reasoning natural selection gains a very important 
aspect — but a logical aspect only, 

FLUCTUATING VARIATION THE ALLEGED CAUSE OF ORGAKtC 

DIVERSITY 

The second doctrine of dogmatic Darwinism states that 
all the given diversities among the organisms that natural 
selection has to work upon are offered to natural selection 
by so-called fluctuating variation ; that is, by variation as 
studied by means of statistics. This sort of variation, 
indeed, is maintained to be indefinite in direction and 
amount, at least by the most conservative Darwinians ; it 
has occasionally been called a real differential ; in any case 
it is looked upon as being throughout contingent with 
regard to some unity or totality ; which, of course, is not to 
mean that it has not had a sufficient reason for occurring. 

It could hardly be said to be beyond the realm of 
possibility that such differences among organic species as 
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only fekte to degree or quantity and perhaps to numerical 
conditions also, might have been " selex^ted '' out of given 
contingent variations, if but one postulate could be regarded 
aa tiilfiHed. This poetulate may appropriately be stated 
as the Bxation of new averages of variation by inheritance* 
Let the average value of a variation, witti regard to a 
given property of a given species be n and let the value 
n + m — m being variable — which is represented in fewer 
individuals of course than is n, be such as to offer 
advantages in the struggle for existence; then the 
individuals marked by n + m will have the greater chance 
of surviving. Our postulate now states that, in order that 
a permanent increase of the average value of the variation 
in question may be reached, n + m in any of its variable 
forms must he able to become the average value of the 
second generation, aa n was the average value of the fit^t 
Out of the second generation agaiu it would be the few 
individuals marked by « + m + o, which would be selected ; 
n + m + o would be the new average ; afterwards n + m + o 
+p would be selected, would become the new average, and 
fso on. A black variety for instance might be selected by 
such a series of processes out of a grey-CK)loured onfe without 
difficulty. 

But our postulate is not beyond all doubt: certain 
experiments, at least, which have been carried out about 
the summation of variations of the true fluctuating 
type by any kind of selection seem to show that there 
may be a real progress for a few generations, but that 
this progress is always followed by a reversion. Of course 
our experience is by no means complete on this subject, 
And, indeedj it may be shown in the future that positive 



second principle, indeed, proves to b 
to explain the origin of any other ki 
whatever. 

I cannot enter here into the who 
criticism.^ Our aims are of a p( 
desiderate construction and only u£ 
is not to be avoided. So I sha 
dogmatic Darwinism has been foi 
explain every kind of mutual adapt 
ing between plants and insects ; thai 
for the origin of those properties that 
life of their bearer, being mere featu 
an arrangement of parts ; that it fc 
portions of organisation which are 
different parts — like the eye — a 
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explain the first origin of all newly f 
organisation even if they are not 
could any rudiment of an organ, whi 
at all, not only be useful to its hei 
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It is only for one special feature that I should like to 
show, bjr a more full analysis, that dogmatic Darwinism 
does not satisfy the requirements of the casa The special 
strength of Darwinism is said to lie in its explaining every- 
thing that 18 useful in and for organisms ; the competitive 
factor it introduces does indeed seem to secure at least a 
relatire sort of adaptedue^ between the organism and its 
needs. But in spite of tbat^ we shall now sea that 
Darwinism fails absolutely to explain those most intimate 
organic phenomena which may be said to be the most 
n^fnl of all. 

Darwinism in its dogmatic form is not able to explain 
the origin of any sort of organic restitution ; it is altogether 
impossible to account for the restitutive power of organisms 
by the simple means of fluctuating variation and natural 
selection in the struggle for existence. Here we have the 
logical experimentum crucis of Darwinism, 

Let us try to study in the Darwinian style the origin 
of the regenerative faculty, as shown in the restitution of 
the leg of a newt. All individuals of a given species of the 
newt, say Triton ta^niatus, are endowed with this faculty ; 
all of them therefore must have originated from ancestors 
which acquired it at some time or other. But this 
necessary supposition implies that all of these ancestors 
must have lost their legs in some way, and not only one, 
but all four of them, as they could not have acquired the 
restitutive faculty otherwise. We are thus met at the vbtj 
beginning of om* argument by what must be called a 
real absurdity, which is hardly lessened by the assumption 
that regeneration was acquired not by all four legs together, 
but by one after the other. But it is absolutely inevit- 
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able to assmne that all the ancestors of our Triton must 
have lost one leg» or more correctly, that only those of 
them survived which had lost one! Otherwise not all 
newta at the present day could possess the faculty of 
regeneration! But a second absurdity follows the first 
one • out of the aneestorB of our newt, which survived the 
others by reason of having lost one of their legs, there were 
selected only those which showed at least a very small amount 
of healing of their wound. It must he gmnted that such a 
step in the process of selection, taken by itself, would not 
at all seem to he impossible; since healing of wounds 
protects the animab against infection. But the process 
continuea. In every succeeding stage of it there must have 
survived only those individuals which formed just a little 
more of granxilative tissue than did the rest: though 
neilher they themselves nor the rest could use the leg, 
which indeed was not present I That is the second absurdity 
we meet in our attempt at a Darwinian explanation of the 
faculty of regeneration ; but I believe the first one alone 
was sufficient* 

If we were to study the *' selection '* of the faculty of 
one of the isolated blastomeres of the egg of the sea-urchin 
to form a whole larva only of smaller size, the absurdities 
would increase. At the very beginning we should encounter 
the absurdity, that of all the individuals there survived 
only those which were not whole but half ; for all sea- 
urchins are capable of the ontogenetical mstitution in 
question, all of their ancestors therefore must have acquired 
it, and they could do that only if they became halved at 
first by some accident during early embryology. But we 
shall not insist any further on this instance, for it would 
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not be fair to turn into ridicule a theory which bears the 
name of a man who is not at all responsible for its dogmatic 
form. Indeed, we are speaking againat Darwiniam of the 
most dogmatic form only, not againat Darwin himself. He 
never analysed the phenomena of regenei-ation or of 
embryonic restitution — they lay in a field very nnfamiliar 
to him and to his time, I venture to say that if he had 
taken them into consideration, he would have agi-eed with 
i UB in stating that hia theory was not at all able to cover 
them ; for he was prepared to make great concessions, to 
Lamarckism for instance, in other branches of biology, and 
he did not pretend to know what life itself i& 

Darwin was not a decided materialist, though materialism 
has made great capital out of his doctrines, especially in 
Germany. HiB book, as is well known, is entitled "The 
Origin of Species,** that is of organic diversiHes,^nd be himself 
possibly might have regarded all restitution as belonging to 
the original properties of life, anterior to the originating of 
diversities. Personally he might possibly be called even a 
vitalist. Thus dogmatic " Darwinism" in fact is driven into 
all the absurdities mentioned above, whilst the '* doctrine of 
Darwin *' can only be said to be wrong on account of its 
failing to explain mutual adaptation, the origin of new 
organs, and some other features in organic diversities ; the 
original properties of life were left unexplained by it 
intentionally. 

DARWINISM FAILS ALL ALONG THE LINE 



The result of our discussion then must be this : selection 
has proved to be a negative factor only, and fluctuating 
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the only way in which new properties of the 
ight have arisen has proved to fail in the most 
aer, except perhaps for a few merely quantitative 
>uch a result hetokens the complete collapse of 
irwinism as u general theory of descent : the 
features of all organiajHs remain as uneipkined 

n shall we put in the place of pure Darwinisin ? 
try a method of explanation which was also 
lionallj by Darwin himself: let us study that 
^formation theories which is commonly known 
le of Lamarckiam, 



3. The Principles of LAMARCKisii. 



As the word "Darwinism" does not signify the prop^ 
theoretical sjatem of Charles Darwin, so Lamarckism as 
commonly understood nowadaye is a good deal removed 
from the original views of Jean Baptiste Lamarck 
Lamatckism is generally regarded as reducing all organic 
diveraitiea to differences in the needs of individual Me, but 
Lamarck himself, as must be emphasised from the very 
beginning, did not at all maintain the opinion that the 
great characteristics of the types were only due to such 
accidental factors. He supposed a sort of law of organisation 
to be at the root of systematics. as developed in history; 
and the needs of life were only responsible, according to 
him, for splitting the given types of organisation into 
their ultimate branches. Thus Lamarck, to a great extent 
at any rate, belongs to a group of authors that we shall 
have to study afterwards : authors who regard an unknown 
law of phylogenetic development as the real basis of 
tranflformism. Modem so-called Neo-Lamarckism, on the 
other hand, has indeed conceded the principle of needs to 
be the sole principle of transformism. Let us then study 
Lamarckism in its dogmatic modern fornu 
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ADAPTATION AS THE STAKTING^POINT 

All facta of morphological adaptations — facts which we 
have analysed already from a different point of view, m being 
among the most typical phenomena of organic regulation — 
fomi the startiDg^point of this theory, and it must be 
grnnted that they form a very solid foundation, for they 
are facts. The theory only has to enlarge hypothetioaUy 
the realm of these facts, or rather the realm of the law 
that governs them. Indeed, it is assumed by Lamarckism 
that the organism is endowed with the faculty of respoodliig 
to any change of the environment which may change ita 
function by a morphologically expressed alteratioti of ita 
functional state and form, which is adapted to the state of 
conditions imposed from without. Of course, as stated in 
this most general form, the assumption is not true, but it is 
true within certain limits, as we know i and theJre seems to 
be no reason why we should not believe that there are many 
more cases of adaptation than we actually know at present, 
or that, in former phylogenetic times, the organisms were 
more capable of active adaptation than they are now. So 
to a certain extent, at least, Lamarcldsm can be said to 
rest upon a cavsa vera. 

It is important to notice that this causa vera would 
imply vitalistic causality wlien taken in the wide meaning 
which Lamarckism allows to it : indeed, the power of active 
adaptation to indefinite changes would imply a sort of 
causal connection that is nowhere known except in the 
organism. Lamarck himself is not very clear about this 
point, he seems to be afraid of certain types of uncritical 
vitalism in vogue in his days; but modern writers have 
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most cl^rlj seen what the logical assumptions of pure 
Lamarckism are. Next to Cope, August Pauly* may be 
lid to be the moat conscioufi representative of a sort of 
"eo-called psychological vitalism, which indeed Lamarckiam 
aa a general and all-embracing theory must have as its 
basis* 



THE ACTIVE STORrNG OF CONTINGENT VARIATIONS A3 A 

HVPOTHETIC PRINCIPLE 

This point will come out more fully, if now we turn 
to study a certain group of principles, upon which dogmatic 
Lamiirckism rests : I say principles and not facte, for there 
are no facts hut only hypothetic asaumptions in this group 
of statetnents. We do know a little about adaptations, at 
least to a certain extent, and it was only about the sphere 
of the validity of a law, which was known to be at work 
in certain cases, that hypothetical additions were made> 
In the second group of the foundations of Lamarckism we 
know absolutely nothing; accidental variations of form 
are supposed to occur^ and the organism is said to possess 
the fa<?ulty of keeping and storing these variations and of 
handing them down to the next generation, if they happen 
to satisfy any of its needs. 

But these needs are not of the actual type, brought 
forth by a change of the functional state of the individual, 
as in the case of adaptations; they are of a somewhat 
mysterious nature. A glance at the theory of the origin 
of the movements which are called acts of volition in the 
human child may serve to elucidate what is meant. 

* Xkiricinittnut und Lamarekismuit Muiujiieu, 1905. 
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^xx a very aitticult sub 
at much <,freater lengt 
fundamental phenomen 
the origin of acts of vol 
keeping in mind, and t 
volition, indeed, is alwa; 
these factors, these facto 
way that even their kin 
a fourth fundamental prii 
effect may be obtained ^ 
the possible ways leadii 
the random movements 
regarded as " means " and 
But that is as much as to 
with respect to their usefi 
therefore ytu;{^77i«7i^ is the 
volition. 

In fact, Pauly does not 
along with the other pysch« 
whilst undergoing their 
formed, for instance, by w 
which by its chemi^oi **- 
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fli£^guard any sort of improvemeDt which chance may 
efieet in this primitive ''eye." Such a view ia said to hold 
weU with respect to the origin of every new organ* Aiid 
this psychological argument is also said to aflbrd the real 
explanation of adaptation proper. Adaptation also is 
regarded not as a truly primary faculty of the organism, 
but as a retention or provoking of metabolic states which 
occurred by accident originally and were then found to be 
useful; now they are reproduced either in every single 
case of individual morphogenesis, without regard to actual 
requirements, or else only in response to such : in the first 
case they ai'e " inherited," in the second they only occur as 
regukliona Thus the process of judgment, together with 
all the other elemental factors of psychical life concerned in 
it, has been made to account for adaptation pi-oper. The 
whole theory has accordingly become veiy uniform and simple, 

cniTTCrSM OF THE " INHERITANCE OF ACQUIRED CSARACTEE3 " 

ASSUMED BY LAMAHCKISM 

In addressing ourselves to the criticism of Neo-Lamarckiam 
we shall neglect as far as possible all the different psycho- 
logical principles concerned in it — which in any case would 
need rather a great amount of epistemological Bifting*--and 
shall keep to those hypothetic facts whicia are supposed to 
be such as may be actually observed in nature. 

All of you know that the so-called inheritance of 
acquired characters Ue8 at the root of Lamarckism; and 
from this hypothesis our critical analysis is to start, 
disregarding a larger or smaller number of psychological 
principles that ai-e brought into the field 
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The name of "acquired characters*' may a priori be 
given to three different types of phenomena : firstly, varia- 
tions including mutations; secondly, disease or injuries; 
and thix^dly, the results of the actual process of adaptation 
of every kind. 

In the first of these groups, the true problem of the 
inheritance of "acquired*' characters appears only with 
certain restrictions* All variations and mutations are indeed 
" acquired " by one generation so far a^ the earlier genera- 
tion did nob possess them, but mutations, at least, cannot 
be said to be acquiied by the actual adult personality: 
they are innate in it from its very beginning, and therefore 
may better be called congenital/ Congenital properties of 
the mutation type are, in fact, known to be inherited ; theii' 
inheritance does not present any problem of its own, but iB 
included in the changes of the hereditary condition to 
which they are due altogether.^ All properties of the 
variation type, on the other hand, having been studied 
statistically^ are known to be inherited, to a certain small 
extent, as we have seen already whilst studying Darwinism » 
though they are possibly always liable to reversion. 
Modern science, as we know,* regards them as due to 
changes of nutrition, in the most general meaning of the 
word. Under such a view variations might indeed be said 

' This would not be true^ if the wieties of pUntv produced by BUrlng* 
hem, Klcbs, and MacDougal by menna of external ftgeitt» were really 
''lautaHoDs'' (com p. page 238, note B). 

^ Of course, th« iniieriUnce of mutatious would imply a certain aort of 
" inbaritMice of a<^uired characteri,'* on the condition stated In the pte- 
cediDg note* But^ probably . the germa of the next generatiou might bo 
regarded here aa being directly affected hy the ©xtcrtial agent, in i manner 
ibat will briefly b« mentioned later on in the text. 

« Ck»mp, page 238, note 2, 
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to belong to the acquired group of organic specifications; 
their inheritance, as will be seen later on, would hardly be 
quite a pure instance of what we are searching for. In no 
case can true variations claim to be of great importance in 
problems of tranaformism* 

Bat what is known about the inheritance of those 
properties which beyond any doubt may be said to have 
originated in the adult individual as such, and of which 
lesions and adaptations proper, as shown for instance among 
amphibious plants, are instances of the two most tj'pical 
groups ? ^ Weismann did good service by putting an end 
to the scientific credulity which prevailed witli regard to 
this subject Weiemann was led by his theory of the germ 
plasm to deny the inheritance of acquired charaeteis of the 
typical kinds. He could not imagine how the etfect of any 
agent upon the adult, be it of the merely passive or of the 
adaptive kind, could have such an influence upon the germ 
as to force it to produce the same effect in spite of the 
absence of that agent. In fact, that is what the inheritance 
of acquired characters would render necessary, and a very 
etrauge phenomenon it would be, no doubt. Biit, of course, 
taken alone, it could never be a decisive argument against 
Buch inheritajace, I fully agree, that acienca is obliged to 
explain new facts by what is known already, as long as it is 
possible ; but if it is no longer possible, the theory of course 
has to be changed, and not the facta. On this principle one 
would not neglect the fact of an inheritance of acquired 
properties, but on the conti-ary one perhaps might use it 
as a new evidence of vitalism. 



" C^rUiii EugUaJi *uthora hate applied the Urm '*iiicKiific»lioii" to al! kmds 
of org&uic proj)crtic5 acquired from without, whether ihej Are adaptod or not* 
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But am there any facts ? 

At this point we come to speak about the second group 
of Weismanii'a reixsonings. He not only saw the ditticuUy 
of understanding inheritance of acquired characters on the 
principles of the science of his time, but lie also criticised 
the supposed facts ; and 8cai*cely any of them stood the 
test of his criticism. Indeed, it must fairly lie granted that 
not one case is known which really proves the inheritance 
of acquired characters, and that injuries certainly are never 
found to be inherited. In spite of that, I do not believe 
that we are entitled to deny the poasibility of the inherit- 
ance of a certain group of acquired characters in an absolute 
and dogmatic manner, for there are a few facts which seem 
at least to tend in the direction of sucli an inheritance, 
and which seem to show that it might be discovered perhaps 
one day, if the experimental conditions wei'e clianged* 

I am not referring here to the few ease^ in which 
bacteria were made colourless or non^virulent by outside 
factors, or in which certtiin fungi wei'e forced to permanent 
agamic reproduction by abnormal external conditions and 
were shown to retain their "acquired pi-operties " after 
tbti external conditions had been reBtored, In these cases 
only reproduction by simple division occurred, and that 
does not imply the true problem of inheritance* Nor am I 
referring to the few cases of non-atlaptive ''modifications" 
foimd by Standfusfl and Fischer, in which butterflies that 
had a^umed an abnormal kind of pigmentation under the 
influence of abnormal temperature acting upon the pupa, 
were seen to form this same kind of pigmentation in tlio 
next generation under normal conditions of temperature. 
These cases, though important in themselves, are capabb 
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perhaps of a rather simple explanation, as in fact has been 
suggested. Some necessarj^ means both of inheritance and 
of morphogenesis, the former being prefient in the propaga* 
tion cells, may be said to have been changed or destroyed 
by heat, and therefore, what seems to be inherited after 
the change of the body only, would actually be the effect 
of a direct influence of the temperature upon the germ 
itself.' Let me be clearly undei-stoood : I do not aay that 
it is so, but it may be so. What seems to me to be more 
important than everything and to have a direct beariug on 
the real discoveiy of the inheritance of acquired charactera 
in the future, is this. In some instances plants which 
had been forced from without to undergo certain typical 
morphological adaptations, or at least changes through 
many generations, though they did not keep the acquired 
chaiiacters permanently in spite of the conditions being 
changed to another type, were yet found to lose the acquired 
adaptations not suddenly but only in the course of three or 
mare generations, A certain fern, Adiantum^ is known to 
assume a very typical modification of form and structure, if 
grown on serpentine; now Sadebeck,^ while cultivating this 
serpentine modification of AdiafUum on ordinary ground, 
found that the first generation grown in the ordinary 
eouditions loses only a little of its typical serpentine 
character, and that the next generation loses a little more, so 
that it is not before the Hfth generation that all the characters 
of the serpentine modification have disappeared. There are 



J ' Of course th I? inh e ri U ace of tipeci fie v&l ue» from tb e reaul ta of H uc tui tin jj 
vnriatioD^, killing to ntw iLvcjr&gi'S of variability [set p. 265), Tn&y also b« 
imdfTstoorl in this nianuBr, the condUsona of nourbbmcot acting upon tho 
ftdutt and ufion \U gemis equally wdl. 

^ BiTkhtt Uk d, Sitzung. d, Ges, f. £oL, UAtahuf^, 1887, 8 Heft. 
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a few more casea of a similar type relating to plants grown 
ill the plains or on the mountains. There also it was found 
to take time, or rather to take the course of several genera- 
tions, until what was required by the new conditions was 
reached. Of course these cases are very very few compared 
wi th those in which a suddm change of the adaptive character, 
corresponding to the actual conditions, sets in ; but it is 
enough that they do exist 

Would it not be posaible at least that adaptations 
which last for thousands of generations or more might 
in fact change the adaptive character into a congenital 
one? Then we not only should have inheritance of 
acquired characters, but should have a sort of explanation 
at the same time for the remarkable fact that certain 
histological structures of a very adapted land are formed 
ontogenetically before any function exists, as is known 
to be the case with the structures in the bones of 
vertebrates, for instance Experiments are going on at 
Paris, and perhaps in other places of scientific research 
also, which, it is hoped, wiU show that animals reared in 
abflolute darkness for many generations will lose their 
perfectly formed eyes, and that animals from the dark with 
very rudimentary eyes will be endowed with properly 
functioning ones, after they have been reared in the light 
for generations. Such a result indeed would account for 
the many animals, of the most different groups, which live 
in dark caves and possess only rudiments of eyes : functional 
adaptation is no longer necessary, so-called atrophy by 
inactivity sets in, and the results "acquired" by it are 
inherited^ 

^ Quite recentlj KAmmer«r {Arch. EtUw^ M§ck. 25, 1907, p. 7) lias pab- 
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But enough of possibilities. Let us be content at 
present to know at least a few real instances with regard 
to the slowness of the process of what might be said to be 
'* re-adaptation " in some plants. This process shows us a 
way by which our problem may some day be solved ; it 
allows us to introduce inheritance of acquired cliaracters as 
a legitimate hypothesis at least, which not only will explain 
many of the diversities in systematics Iiistorically, but also 
lian be called, though not a caum vera, yet certainly more 
than a mere fiction. 



OTHER PJIINCIPLES WANTED 

We have only dealt with the probability of the 
inheritance of morphological or physiological ' adaptation. 
If that could i-eally be considered as on© of tlie factors 
concerned in the tlieory of descent, many, if not all of those 
congenital diversities among organic si>ecies which are of 
the type of a true gtnictural correspondence to their future 
functional life, might be regarded as explained, that is, aa 
reduced to one and the same principla But nothing more 
than an explanation of this kind of diversities is effected 
by our principle, and very much more remains to be done, 
for organic diverBities not only consist in specifications and 

Hulled very impi^rtftiit estperiments on the inhenUiice of **ftoquIred*' 

modiJioatioiis wilh regard to the t>&cun&ritleia of reproduction in SalAmandm 
aim and S, vtucfthm. It eeeras ratlier improbable — tljoitgh not absolutely 
smiioaaible — that the gorm colls were directly affected by the externui 
modifying agent in this casci. 

^ We have not s|K)keti about the hyiM>tli<stic inh«ritance of pure phytiio' 
lo^ic&l aitajttationsE, for it in cloar without fuithfL-r discussion that innate 
»[i«i*ific immunity, for iosti&Euei lining a apociBc ** adaptodneas " (tet p. 186} 
fnight he due to the inheritincc of the reiulta of active inimnnity a» an 
adaptation, juit &m adiptiv« oongeoital etruoturoB mi^d he dae to mch 
ao inheritance. 
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differences as to histology, but are to a much more importaQt 
degree, differences of organisation projier, that is, of the 
arrangement of parts, in the widest sense of the word,* 

Would it be possible to interpret the origin of this 
sort of systematic diversities by a reasoning similar to that 
by which we have understood, at least hypothetically, 
congenital adaptedness ? 

Dogmatic Lamarckism, we know, usea two principles aa 
its foundations ; one of them, adaptation and its inheritance, 
we have studied with what may be called a partly pKoeitive 
result* The otlier is the supposed faculty of the organism 
to keep, to store, and to transfer those variations or mutations 
of a not properly adaptive sort which, though originating 
by ehance, happen to satisfy some needs of the organism, 

CKlTlcmM OF THE HYPOTHESIS OF STORINCt AND HAKDINCf 
DOWN CONTINUENT VAEUTIONS 

Strange to say, this seoond hypothesis of dogmatic 
Lamarckism, invented with the express purpose of defeating 
Darwinism and taking the plaee of its fluctuating variability^ 
which was found not to do justice to the facts — this s^ond 
hypothesis of dogmatic Lamarekism is liable to just the 
same objections as dogmatic Darwinism itself* 

As it is important to understand well the real logical 
nature of our objections to both of the great transformlstio 

^ G, E. V. B»er cLsftrly diacnnihiAted betv^vuen the typf^t the degree at 
ofguuAAtioii, and Uu^ liiatologml ^tmcturc. All these three topics indeed 
hnve ta be taken into liccount Beparutoly ; tlie third alone m of the odaptire 
tyi>e. All of tliem may be ludejieiident or L^ach other : the AiDO«ha may 
ha as adapted histologically as Is a hi^h rortebmie, but it in of much 
lower type ; and io its own type it U of « lower degree of organisatioft than 
Rftdiolaria ate. 
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theories, we thiak it well to interrupt oiir argument for a 
uioment, in order to condder a certain point which, though 
very important in itself, seems of only secondary importance 
to us in our present discussion. Dogmatic Darwinism — I 
do not say the doctrine of Charles Darwin — is materialistic 
at bottom, and indeed has been used by many to complete 
their materialistic view of the universe on its organic side. 
The word " materialiam " must not necessarily be taken 
here in its metaphysical sense, though most materialists 
are dogmatic metaphysicians. It also can be understood 
as forming part of a phenomenological point of view. 
Materialism as a doctrine of science means simply this: 
that whether " nature *' be reality or phenomenon, in any 
L-a^ there is but one ultimate principle at its base, a 
principle relating to the movements of particles of matter. 
it is this point of view which dogmatic Darwinism 
strengthens ; on the theory of natural selection and fluctu- 
ating variations, due to accidental difterences of nutri- 
tion, organisms are merely arrangements of particles of 
m^itter, nothing else ; and moreover, their kinds of arrange- 
ment are understood, at least in principle, Lamarckism, 
on the other liand, is not materialistic, but most markedly 
vitalistic— psychistic even; it takes life for granted when 
it begins its explanations. 

You may tell me that Darwin did the same, that 
he expressly states that his theory haa nothing to do with 
the origin of life ; that the title of his work is *'The Origin 
of Specie^J* It would certainly be right to say so, at least 
with reference to Darwin personally; but in spite of that, 
it must be granted that Dan\*iji 'a doctrine contains a certain 
germ of materialism which has been fully developed by the 
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Darvrinian dogmatists, while Lamarekism is antimatarialisfcic 
by its very nature, 

Now it is very importaut, I think, to notice that this 
difference between the two theories is unable to disguise 
one main point which is common to both: and it ia to 
this point, and to this point only, that our chief objectiona 
against both these tlieories converge at present. 

The cantifhgeney of the typical organic form ia maintained 
by Darwinism as well as by Lamarckism: both theories^ 
therefore, break down for almost the same reasons. The term 
■* contingency " can signify very different relations, having 
but little in common ; but it is eufiicient for our present 
purpose to observe that there may be distinguished roughly 
two main classes of coDtingeneie&, which may provisionaUy 
be called the ** contingency of being," and the *' contingency 
of occurring/' It is with the contingency of being that 
criticism of Darwinism and Lamarckism of tlie dogmatic 
type has to deal Darwinism dealt with variations occur- 
ring at random ; the organic fonn was the result of a 
fixation of only one kind of such variations, all others 
being extinguished by selection. In other terms, the specific 
organised form, as understood by Darwinism, was a unit 
only to the extent that all its properties related to one and 
the same body, but for the rest it was a mere aggregation 
or summation. It may be objected to this statement, that 
by being inherited in its spedfidty the Darwinian form 
proved to be a unit in a higher sense of the word, even 
in the opinion of dogmatic Darwinians; and this objection, 
perhaps, holds good as far as inheritance ia concerned. But 
on the other hand, it must never be forgotten that the 
word " unit " had quite a vague and empty meaning even 
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then, as indeed everything the organism is made up of is 
regarded as being in itself due to a contingent primary 
process, which has no relation to its fellow -processes. 
** Unit " indeed, in spite of inheritance — which, by the way, 
is alleged also to he a merely materialistic event — means 
to Darwinians no more wlien applied to the organism than 
it does when applied to mountains or islands, where of 
course a sort of '' unit '* also exists in some sense, as far as 
one and the same body comes into account, but where 
every single character of this unit, in every single feature 
of form or of quality, is the result of iactors or agents each 
of which is independent of every other. 

To this sort of contingency of being, as maintained by 
Darwinians, criticism has objected, as we know, that it is 
quite an Impossible basis of a theory of descent, since it 
would explain neither the first origin of an organ, nor any 
sort of harmony among parts or among whole individuals, 
nor any sort of restitution processes. 

Now Lamarckism of the dogmatic kind, as will easily 
be seen, only differs from Darwinism in this respect, that 
what according to the latter happens to the organism 
passively by means of selection, is according to the former 
performed actively by the organism, by means of a 
"judgment " — by the retention and handing down of chance 
variations. The specificity of the form as a whole is 
contingent also according to Lamarckism* And, indeed, 
criticism must reject tliis contingency of being in exactly 
the same way as it rejected the contingency of form 
maintained by Darwinians. 

As far as the inheritance of truly adaptive characters 
comes into account — that is, the inheritance of characters 
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which ai-e due to the active faculty of adaptation possessed 
by the organism, bearing a vitaligtic aspect throughout^ 
hardly anything could be said against Lamarckism, excefpt 
that inheritance of acquired characters is still au hypotbeaiB 
of small and doubtful value at present. But that specif e 
oTganwation }>roper m due to eofitingent vaiiations, which 
accidentally have been found to satisfy some needs of the 
individual and therefore have been maintained and handed 
down, this reasoning is quite an impossibility of exactly 
the lianie kind as the argument of Darwinism. 

The process of restitution, i>erfect the very first time 
it occurs, if it occurs at all, is again the classical iustance 
against this new sort of contingency, which is assumed to 
be the basis of trans form i«m. Here we see with our eyes 
that the organism c^m do more than simply perpetuate 
variations that have occurred at random and lye^r in them- 
selves no relation whatever to any sort of unit or totality, 
Thei'e exists a faculty of a certain higher degree in the 
organism, and this faculty cannot [K>s^ibly have originated 
by the process whicli Lamarckians * assume. But if their 
principle fails in one instance, it fails as a gfnttal theorj' 
altogether. And now, on the other hand, as we actually 



' I rf*p«jit once Tnori? that we Bxe. dealing hetia with dogmatic '* Neo-" 
Lamarck tarn exaludvely. This theory Indeed eUima to expkiri alt f^^Xwtem 
and properties of organic bodies on the hmh of the reeling of n?ed» and 
storing of contingent fulfilments and on ihU h&.m% alone, just aa dogiuatii; 
**Neo "'Darwinism claims to account for nil those phenomena on the 
ground of contingent vadationei and natural ae lection. Darwin hin;self, m 
we have aeen, intentionally left unexplained certain primary feiititfeB of lift^ 
and therefore cannot be blamed for having failed to I'Xplain them^ though 
even tbtin his theory remains wrong. Lamarek ]>i^rsonally coti«idered a 
real primary organi^atory law of [ihylogeny aB being of fundamental iiD- 
portani'ts and tberefore he is not in the leaat reajjon^ble if" Keo- Lamarck ism " 
fails a^ a universal theory » 
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see the individual organism endowed with a morphogenetic 
power, inext>lii:able by Lamarckism, but far exceeding the 
organogenetic faculty assumed by that tbeoiy, would it 
not be most reasonable to conclude from such facts, that 
there exists a certain organising power at the root of the 
transfonuism of species also, a power which we do not 
understand, which we see only partially manifested in the 
work of restitutions, but which certainly is not even touched 
by any of the Lamarckian arguments ? There doea indeed 
exist what Gustav Wolff has called primary purpoaefuki^s 
(** primiire Zweckmiissigkeit "), at least in restitutions, and 
this is equally unexplainable by Darwinism and by the 
dogmatiara of the Lamarckians. 

But before entering into this area of hypothesisi let us 
mention a few more objections to be made to the theory 
of the contingency of form as put forward by Lamarckians. 
In the first place, let us say a few words about the 
appropriateness of the term ** contingency *' as used in this 
connection* The forms are regarded as contingent by 
Liimarckians inasmuch as the variations which afterwards 
serve as " means " to the '* needs " of the organism occur 
quite accidentally with regard to the whole organism. 
It might be said that these "needs*' are not contingent 
but subject to an inhei^nt destiny, but this plea is excluded 
by the Lamarckians themselves^ when they eay that the 
organism experiences no need untU it has enjoyed th© 
accidental fulfilment of the same^ So the only thing in 
I^marckiajj transfonnism which is not of a contingent 
cimracter would be the psychological agent concerned in it, 
as being an agent endowed with the primary power of 
feeling needs after it has felt fulfilment, and of judging 
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about what the means of future fulfilment are, in order to 
keep them whenever thej offer. But these are chaia^temtica 
of life itaelf, irreepeiCtive of all its specific fonns, which alone 
are concerned in transformiam. Now indeed, I think, we 
see aa clearly as possible that Barwiuism and Laniarekism, 
in spite of the great contrast of materiali^ii and psycholO' 
^ism, shake hands on the common ground of the contingeney 
of organic forma 

The whole anti-Darwinistic criticism therefore of Gustav 
Wolff for inatanca, may also be applied to Lamarckisni 
with only a few changes of worda How could the origin 
of so complete an organ as the eye of vertebrates be due to 
contingent variations? How could that account for the 
harmony of the diflerent kinds of cells in this very com, 
plicated organ with each other and with parts of the 
brain ? And how is it to be understood, on the assumption 
of contingency, that there are two eyes of almost equal 
perfection, and that there are two feet, two ears ? Islands 
and mountains do not show such symmetry in their 
structures. 

We shall not repe^it our deduction of the origin of 
restitutions, of regeneration for instance, on the dogmatic 
Lamarckiau theory. As we have said already, it would lead 
to absurdities as great as in the case of dogmatic Darwinism, 
and indeed we already have mentioned that Lamarckians 
would hardly even attempt to explain these phenomena. 
It follows that dogmatic Lamarckism fails aa a general 
theory about form.} 

There is finally one group of facts often brought forward 



> Oomp«re ako tho exeeUent ciiticiini of Lunarckiam lately girea by 
G« Wolff, Die B^grUjiduTig det Abstammungskhrt, Mtinoheat 1907. 
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against LamarckiBm by Darwiniaa authors * which may be 
called the logical experimeThium crucis of this doctrinej an 
experiimntum destined to prove fatal You know that 
among the polymorphic groups of bees, termites, and ants, 
there exists one type of individuals, or even several types, 
endowed with some very typical features of organisation, 
but at the same time absolutely exchided from reproduction : 
how could those morphological tj^e have originated on 
the plan allowed by the Lamarckians? Of what use 
would " judgment " about means that are offered by chance 
and happen to satisfy needs, be to individuals which die 
without offspring? Here Lamarckism becomes a simple 
absurdity, just as Darwinism resulted in absurdities 
elsewhei-e. 

We were speaking about dogmatic Darwinism then, and 
it is about dogmatic Lamarckism that we are reasoning at 
present; both theories must fall in their dogmatic form, 
though a small part of both can be said to stand criticism. 
But these two parts which survive criticism, one offered by 
Lamarck, the other by Darwin, are far from being a 
complete theory of transformism, even if taken together: 
they only cover a small area of the field concerned in the 
theory of descent. Almost everything is still to be done, 
and we may here formulate, briefly at least, what we expect 
to be accomplished by the science of the future, 

* ll his ibo vetj otUn. be«ii wid by D&rwiidADft that LAmArctiflm is 

eiilj able to explain those cAaes of Jidaptedneas which relate to active 
ftinctioQing but not mtn paaaive adapted cluu-actors, like " mimiciy " for 
ejc&ntplfl. But this argument taken by iiul/j it seema to me, would not be 
fatal to Neo-Lamarokiam in the special form August Pauly g«yo to this 
doctrine. 
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jkL KBSULT3 AND THE UNSOLTEB PROBLEMS OF 

Transfohmism 

been explained to a certain extent by the two 
lea now current is only this. Systematic diver- 
ts ting in mere differences as to intensity or 
perhaps owe their origin to ordinary variation, 
; least, if we are entitled to assume that heredity 
bes is able to hand on such variations without 
[liit h, it iJiUHt be ai^ain remarked, is t>v no iriouus 
|he facts at prest^nt. Natural selection may ^hari; 
tirm ill! tlioae JTRlividuals that do 
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that relates to the so-called types ae such and the degree of 
complication ia these types, both of which (types and degree 
of complication) are independent of histological adaptation 
and adaptednesa 

What then do we know about any facts that might be 
said to bear on this problem ? We have stated already 
at the end of our chapter devoted to the analysis of heredity 
that what we actually know about any deviation of inherit- 
ance proper, that is, about congenital differences between 
the parents and the offspring, relating to mere tectonics* 
is practically nothing: indeed, there are at our dispofial 
only the few facts observed by de Vriea or derived from 
the experience of hcrticulturaliBts and breeders. We may 
admit that these facts at least prove the possibility ^ of 
a discontinuous variation, that is of ** mutation/' following 
certain lines of tectonics and leading to comtant results; 
but everything else, that is everything about a real theory 
of phylogeny, must be left to the taste of each author who 
writes on the the^sry of the Living* You may call that a 
very unscientific state of affairs, but no other is possible. 

And, in fact, it has been admitted by almost all who 
have dealt with transformism without prepossessions that 
euch is the state of affairs, Lamarck himself, as we have 
mentioned already, was not blind to the fact that a sort of 
organisatory law must be at the base of all transformism, 
and it is well known that hypothetical statements about 
an original law of phylogeny have been attempted by 

^ But nothmg mot^. All *' mutations " liitherto observed in aatiirp or 
(€«mp. page 238, note 3) experiiDent4ill|' produced relate only to '* varieties ** 
And not to '' s^»6cie«/' One oonld hardly say that the recent inreatigatioiiA 
*bout the pr«)diictiou of mutations by ^t^rmU means have Btreugthened 
their importance for the general theory of tranflfomusm. 
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Nageli, Kolliker, Wigaud, Eimei% and many others. Bat a 
full diBCUssioD of all these " hiw« " would hardly help us 
much in our theoretical endeavour, as all of them, it must be 
confessed, do little more thaa state the mere fact that some 
unknown principle of organisation must have been at work 
in phylogeny, if we are to accept the theory of descent 
at all 

It is important to notice that even auch a convinced 
Darwinian as Wallace, who is well known to have been an 
independent discovei'er of the eLimiaatioa principle, admitted 
an exception to this principle in at least one case — with 
regard to the origin of man* But one exception of course 
destroys the generality of a principle. 

As we ourselves feel absolutely incapable of adding 
anything specific to the general statement that there must 
be an unknown principle of transformism, if the hypothesis 
of descent is justified at all, we may here close our discussion 
of the subject. 



5. The Logical Value of the Organic Form 
According to the Different Transformistic Theories 

A FEW words only must be added about two topics: on 
the character of organic forms as regarded by the 
different transformistic theories, and on the relation of 
transformism in general to our concept of entelechy. 

We have learnt that both Darwinism and Lamarckism, 
in their dogmatic shape, regard the specific forms of animals 
and plants as being contingent; in fact, it was to this 
contingency that criticism was mainly directed. We 
therefore are entitled to say that to Darwinism and 
Lamarckism organic forms are accidental in the very sense 
of the forma a4xidentalis of the old logicians. There 
are indefinite forms possible, according to these theories, 
and there is no law relating to these forms. Systematics, 
under such a view, must lose, of course, any really 
fundamental importance. "There is no rational system 
about organisms": that is the ultimate statement of 
Darwinism and of Lamarckism on this doubtful question. 
Systematics is a mere catalogue, not at present only, but for 
ever, by the very nature of the organisms. It is not owing 
to the indefinite number of possible forms that both our 
theories came to deny the importance of systematics, but to 
the want of a law relating to this indefinite number : among 
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cbemical compounds iadefiaite possibilities also exist in 
some cases, but they obey the law of the general formula. 
It is very strange that Darwinians of all people are in the 
forefront of ^stematio research in all countries : do they 
not see that what they are trying to build up can only 
relate to accidental phenomena ? Or have they some doubts 
about tlie foundations of their own theoretical views, in spite 
of the dogmatic air with which they defend them ? Or ie 
it the so-called historical interest which attracts them ? 

A new question Beams to arise at this point : Have not 
we ourselves neglected hiatory in favour of systematiGs and 
laws ? Our next lecture, the last of this year, will give 
the answer to this question* 

At present we continue oar study of the possible aspects 
of systematics. It is not difficult to find out what meaning 
organic forms would assume under any phylogenetic theory 
opposed to the theories of contingency. It was their 
defence of contingency, that is, their lack of any law of 
forms, that caused these theories to be overthrown — reduced 
to absurdities even — and therefore, it follows that to assume 
any kind of transformistic law is at the same time to deny 
the accidental character of the forms of living beings. 

There is no f&rma accidentalu. Does that mean that 
the forma essenticdis is introduced by this mere state- 
ment ? And what would that assert about the character of 
systematics ? 

THE ORGANIC FOEM AND ENTILECHY 

This problem is not as simple as it might seem to b© 
at the first glance, and, in fact, it is insoluble at present. 
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It is heie that the relation of the hypothetic trauBformktic 
principle to our concept of entelechy is oooGerned. 

We know that entelechy> though not material in itselt', 
uses material means in each individual morphogenesis, 
handed down by the material continuity in inheritance. 
What then undergoes change in phylogeny, the means or 
the entelechy ? And what would be the logical aspect of 
Bystematics in either case ? 

Of course there would be a law in systematics in any 
case ; and therefore systematics in any case would be 
rational in principle* But if the transformiatic factor 
were connected with the means of morphogenesis, one 
could hardly say that specific form as such was a primary 
essenca Entelechy would be that essence, but entelecliy 
in itst generality and always remaining the same in its 
most intimate character, as the specific diversiti^ would 
only be due to a something, which is not form, but simply 
means to form. But the harmony revealed to us in every 
typical morphogenesis, be it normal or be it regulatory, 
eeema to forbid us to connect transformism with the means 
of morphogenesis. And therefore we shall close this 
discussion about the most problematic phenomena of 
biology with the declaration, that we regard it as more 
congruent to the general aspect of life to correlate tlie 
unknown principle concerned in descent with entelecliy 
itself, and not with its means. Systematics of organisms 
therefore would be in fact systematics of entelechies, and 
therefore oiganic forms would be forviae essefdiaies, 
entelechy being the very essence of form in its 
specificity. Of course systematics would then be able to 
assume a truly rational character at some future date* 
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It one day be found a principle to account 
iity of poeeible ^ formFi, a principle based upon 
18 of entelechy.* Ab we have allowed that 

I hypothetically explains congenital adaptedness 
r, and that Darwinism explains a few differences 
, and as such properties, of course, would both 
fntingent character, it follows that our future 
tern would be combined with certain accidental 

And so it might he said to be one of the 
asks of systematic biological science in the 
Lscover the really rational system among a given 
iversities which cannot appear rational at the first 

sort of differences, so to speak, being super- 
on the other. 

" possilile *' relating tn nriginjitinr,^ ufctiiirfc^^*, ijiU to Mir riving, 
iiaLuFiil s( Uction may ac<juire its lo^cal iniportauco alJutiit'd 

isiuiiij ill the -jctjutid Vfilvntifc of l\\i^ book will ^how the poasiblo 
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C. THE LOGIC OF HISTORY 

History, in the strictest sense of the word, is the 
enumeration of the things which have followed one 
another in order of time. History deals with the single, 
with regard both to time and space. Even if its facts 
are complex in themselves and proper to certain other 
kinds of human study, they are nevertheless regarded by 
history as single. Facts, we had better say, so far as they 
are regarded as single, are regarded historically, for what 
relates to specific time and space is called history. 

Taken as a simple enumeration or registration, history, 
of course, cannot claim to be a " science '* unless we are 
prepared to denude that word of all specific meaning. But 
that would hardly be useful. As a matter of fact, what 
has actually claimed to be history, has always been more 
than a mere enumeration, even in biology proper. So- 
called phylogeny implies, as we have shown, that every 
one of its actual forms contains some rational elements. 
Phylogeny always rests on the assumption that only some 
of the characters of the organisms were changed in trans- 
formism and that what remained unchanged may be 
explained by the fact of inheritance. 

But this, remember, was the utmost we were able to say 
for phylogeny. It remains fantastic and for the most part 
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in spite of this small degree of rationality, 
;h it is generally not very clear iteelt For 

known with regard to the positive factors of 
m, and we were only able to offer the diacusaion 
poaeibilitiexS in place of a real theory of the 
escent 

of that it will not be without a certain lexical 
Bgin our analysis of history in general by the 
of posaibilitiea again. Biology proper would 
m us to do more : for the simple " fact '* of 

not even a " fact " in this science, but an 
albeit one of some probability. 
issions of mere possibilities should always rest 
[ a basis as possible, we shall begin our analysis 
wo general questions. To what kinds of realities 
m(jL'i>L of history reasonably be applied ? And 
eiit types of '' history " would be possible ft 
^i^v^nd liisLurv is hi si^roilV luuie than a mt-ie 
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1. The Possible Aspects of History 

Of course, we could select one definite volume in space 
and call all the consecutive stages which it goes through, 
its history : it then would be part of its history that a 
cloud was formed in it, or that a bird passed through it 
on the wing. But it would hardly be found very 
suggestive to write the history of space-volumes. In fact, 
it is to bodies in space that all history actually relates, at 
least indirectly, for even the history of sciences is in some 
respect the history of men or of books. It may suffice for 
our analysis to understand here the word body in its 
popular sense. 

Now in its relation to bodies history may have the 
three following aspects, as far as anything more than a 
simple enumeration comes into account. Firstly, it may 
relate to one and the same body, the term body again to be 
understood popularly. So it is when the individual history 
of the organism is traced from the egg to the adult, or 
when the history of a cloud or of an island or of a volcano 
is written. Secondly, the subject-matter of history may be 
formed by the single units of a consecutive series of bodies 
following each other periodically. To this variety of history 
the discoveries of Mendel and his followers would belong in 
the strictest sense, but so does our hypothetical phylogeny 
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and a great part of the histary of mankind And lastly, 
there is a leather complicated Idtid of sequence of which the 
" history ** has actually been written. History can refer to 
bodies which are in no direct relation with one another, 
but which are each the effect of another body that belongs 
to a consecutive series of body-units showing periodicity. 
This sounds rather complicated; but it is only the strict 
expression of what is perfectly familiar to jou alL Our 
sentence indeed is simply part of the definition of a 
history of art or of literature for instance — or, say, of 
a phylogeuetie history of the nests of bmla The 
single pictures are the subjects of the history of art, and 
nobody would deny that these pictm^es are the effects of 
their painters, and that the painters are individuals of 
mankind — that is, that they are bodies belonging to a 
consecutive series of body-units showing periodicity. Of 
course, it is only improperly that we speak of a history 
of pictures or of books or of nests. In fact, we are dealing 
with painters, and with men of letters or of science, and 
with certain birds, and therefore the third type of history 
may be reduced to the second But it was not without 
value to pursue our logical discrimination as far as 
possible. 

So far we have always spoken of history as being more 
than a mere enumeration, bat we have not ascertained 
what this *' more " signifies. It is not yibtj difficult to da 
so: in fact, there are three different types of history, 
each of a different degree of importance with respect to 
the understanding of reality. 

In the first place, history may start as a mere enumera- 
tion at the beginning, and at the end, in spite of all further 
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endeavour, may remain that and nothing more. That 
may occur in the first as well as in the eecond group of our 
division of history with regard to its relation to bodies. 
Take a cloud and describe its history from the beginning 
to the end : there would never be much more than pure 
description. Or take one pair of dogs and describe them 
and their offspring for four generiitions or more: I doubt 
if you win get beyond mere descriptions in this case either. 
The only step beyond a mere enumeration wliich we can be 
said to have advanced in these instances, consists in the 
conviction, gained at the end of the analysis, that nothing 
more than such an enumeration is in any way pombk. 

Quite the op|K)site happens when ** histoiy '* deals with the 
individual from the egg to the adult: here the whole aeries 
of historical facts is seen to form one whole. This case 
therefore we shall call not history, but evoluHon^ an evolving 
of something ; the word " evolution " being understood here 
in a much wider sense than on former occasions/ and ifwlud- 
ing, for instance, the embryological alternative '* evolutio " 
or " epigenesis." 

And half-way between enumeration and evolution there 
now stands a type of history which is more than the one 
and less than the other: there is a kind of intelligible 
connection between the consecutive historical stages and 
yet the concept of a whole does not come in. The geological 
history of a mountain or of an island is a very clear instance 
of this class* It is easy to see here, how what has been always 
becomes the foundation of what 'wtU be in the neji^i phase of 
the historical process. There is a sort of cumutation of con- 
secutive phases, the later ones being impossible without the 

^ B66 pp. Wf I5j bit etc- 
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earlier. So we ahall speak of the type of " historical 
cumulation" ae standing between evolution and bare 
temporal sequence. E7 means of historical cuniulations 
history may fairly claim to *' explain " things. We '* under- 
stand '' a mountain or an island in all its actual character* 
istics, if we know ita history. This "historical under- 
standing " rests on the fact that what first appeared as an 
inconceivable complex has been resolved into a sequence of 
single events, each of which may claim to have been ex- 
plained by actually existing sciences. The complex haa been 
explained as beings though not a real '* whole/' yet a sum 
of singularities, every element of which is familiar. 

But you may tell me that my discussion of evolution 
and of cumulation, as the higher aspects of history, is by no 
means complete; nay, more — that it is altogether wrong. 
You would certainly not be mistaken in calling my analysis 
incomplete. We have called one type of history evolution, 
the other cumulatiou ; but how have these higher types 
been reached ? Has historical enumeration itself, which 
was supposed to stand at the beginning of all analysis, or 
has "history" itself in its strictest sense, as relating to 
the single as such, risen unaided into something moi'e than 
'^ history " ? By no means : history has grown beyond its 
bounds by the aid of something from without. It is 
unhistorical elements that have brought us from mere 
history to more than history. We have created the concept 
of evolution, not from our knowledge of the single line of 
events attendant on a single egg of a frog, but from our 
knowledge that there are billions or more of frogs' eggs, all 
destined to the same " history," which therefore is not 
history at alL We have created the concept of cumulation 
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not from the historical study of a single mountain, but 
from our knowledge of physics and chemistry and so-called 
dynamical geology : by the aid of these sciences we " under- 
stood '' historically, and thus our understanding came from 
another source than history itself. 



2. Phylogenetig Possibiuties 

? always gain its Importauce from what it 

Muf^t history always lose its " historical '* aspect, 

) become of importance to human knowledge ? 

always become " science " by such a transforma- 

aftenvards shall resume this discusaion on m 

, but at present we shall apply what we have 

hypothetic phylogejiy. What then are the 

Is ui' jjhylogeiiy, lu whut lIuspi ol" history would it 

%vtr^i corupkte ^ Of LUiiriie, ^vu shull ncit }i\} able 
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principle of phylogeny in the organism itself, and to which 
therefore even organic forms would be not accidental but 
essential, might be forced to regard the descent of organisms 
as a true evolution. The singidarities in phylogenetic 
history would thus become links in one whole : history proper 
would become more than history. But I only say that 
phylogeny might be evolution, and in fact I cannot admit 
more than this a priori, even on the basis of an internal 
transformistic principle, as has been assumed. Such a 
principle also might lead always from one typical state of 
organisation to the next: but ad infinitum} Then 
phylogeny, though containing what might in some sense 
be called " progress," would not be " evolution " ; it might 
even be called cumulation in such a case, in spite of the 
internal transforming principle, though, of course, cumula- 
tion from within would always mean something very 
different from cumulation from without.^ 

But we must leave this problem an open question, as 
long as our actual knowledge about transformism remains 
as poor as it is. We need only add, for the sake of logical 
interest, that phylogeny, as a true evolution, would neces- 
sarily be characterised by the possibility of being repeated. 

' An immanent vitalistic phylogeny toUIiotU a pre-established end has 
recently been advocated by H. Bergson {L* Evolution crAUriee, Paris, 1907). 

^ In tills connection the problem may be raised, whether there can be such 
a thing as unchangeable "species "in spite of the mutability of the 
individuals. Compare page 251, note 1. 
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philosophical view of the universe. We shall try to treat 
our subject as impartially as poBsible. 

Hegel says, in the introductioa to hie Phdnomemlogie 
des Gtdsks : " IHe Philosophie muss sick huten erhaulich 
Min zu wollen " (" Philosophy mtist beware of trying to 
be edifyiog"). These words, indeed, ought to be inscribed 
on the lintel of the door that leads into historical 
methodology, for they have been sadly neglected by 
certain theoretical writem Instead of analysing history in 
order to see what it would yield to philosophy, they have 
oftan made philoeophyj especially moral philosophy, the 
Btarting-poijit of research, and history then has had to obey 
certain doctrines from the very beginning. 

We shall try as far as we can not to become " erbaulich " 
in our discussions. We want to learn from history for the 
purposes of philosophy, and we want to learn from history 
as from a phenomenon in time and in space, just as we 
have learnt from all the other phenomena regarding life in 
nature. Every class of phenomena of com-se may be 
etudied with respect to generalities as well as with respect 
to particulars. The particular, it is true, has not taught us 
much in our studies so far. Perhaps it may be successful 
in the domain of history proper. 

If I take into consideration what the best authors of 
the last century have written about human history with 
respect to its general value^ I cannot help feeling that 
none of them has succeeded in assigning to history a 
position where it would really pro7e to be of great import- 
ance for the aims of philosophic-al inc^uiry. Is that the 
fault of the authors or of human history ? And what then 
would erplain the general interest which almost every one 



308 SCIEKCE AND PHILOSOPHY OF THE ORGANISM 

takes, and i?trhich I myself take in history in spite of this H 
imsatisfactory state of things ? 



CITMtTLATIONS IN HUMAN HISTORY 

Let lis begin our analytical studies of the value and the 
meaning of human history, by considering some opimotid 
which deserve the foremost place in our discussion, 
not as being the first in time, hut as being the first, in 
simplicity. I refer to the views of men like Buckle, Taine, 
and Lamprecht, and especially Lamprecht, for he has tried 
the hardest to justify theoretically what he regards the 
only scientific aim of history to be. If we may make use 
of our logical scheme of the three possible aspects of 
history, it is clear from the beginning that the history of 
mankind, as understood by the three authors we have 
named, but most particularly by Lamprecht, is neitJ^er a 
mere enumeration nor a true evolution, but that it has to 
do with cumulations^ in the clearest of their possible forma 
The processes of civilisation among the different peoples 
are in fact to be compared logically with the origin of 
volcanoes or mountain-ranges in Japan, or in Italy, or in 
America, and show us a typical series of consecutive 
phases, as do these. There exists, for instance, in the 
sphere of any single civilisation an economic system, founded 
first on the exchange of natural products, and then on 
money* There are, or better, perhaps, there are said to be, 
characteristic phases succeeding one another in the arts, such 
as the ** typical," the " individualistic,'* and the *' subjective " 
phaaea Any civilisation may be said to have its '* middle 
ag^," and so on. All these are '* laws " of course in the 
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meaning of "niles" only, for they are far from being 
elemental, they are not " principles " in any sensa And 
there are other sorts of '* rules" at work for exceptional 
cases: revohitions have their rules, and imperialiBm, for 
instance, has its rules also. 

Kow, as the consecutive phases of history have been 
shown to be true cumulations, it follows that the rules 
which are revealed by our analysis, are rules relating to 
the very origin of cumulations also. The real dement 
upon which the cumulation-phases, and the cumulation- 
rules together rest^ is the human individual as the bearer 
of its psycholog)'* Nobody, it seems to me, has shown 
more clearly than Simmel that it is the human individual, 
qua individual, which is concerned in tvery kind of history. 

History, viewed as a series of cumulations, may in fact 
claim to satisfy the intellect by ** explaining '' a good deal 
of historical facts. It explains by means of the elemental 
factor of individual psychology, which every one knows 
from himself, and by the simple concept that there is a 
cumulation, supported by language and by writing as its 
principal factors, which both of course rest on psychology 
again. Psychology, so we may say, is capable of leading to 
cumulation phenomena; the cumulations in history are 
Buch that we are able to undei-stand them by our everyday 
psychology ; and histoiy, so fa? as it is of scientific value, 
consists exclusively of cumulations* 

No doubt there is much truth in such a conception of 
history ; but no doubt also, it puts history in the second 
rank as compared with psychology ; just as geology stands 
in the second rank as compared with chemistiy or physics. 
Geology and human history may lead to generalities in the 
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form of rules, but these rules are knmon to be not elemeDtal 
but only cumulative ; and moreover, we know tbe elements 
concerned in them. The elements, therefore, are the real 
subjects for further studies in the realm of philosophy, 
but not the cumulations, not the rul^, i^hich are known 
to be due to accidental constellations* Of course, the 
" single " is the immediate subject of this sort of history, 
but the single as such is emphatically pronounced to be 
insignificant, and tbe cumulations and the cumulative rules, 
though *' singles " in a higher sense of the word, are shown 
to be anything but elementalities. 

Therefore, on a conception of human history such as 
that of Buckle, Taine, Lamprecht, and others, we, of course, 
ought to take an interest in history, because what is 
" explained " by historical research touches all of us most 
personally every day and every yean But our philosophy, 
our view of the world, would remain the same without 
history as it is with it. We only study history, and 
especially tlie history of our own civilisation, because it is a 
field of actuality wMch directly relates to ourselves, just 
as we study for practical purposes the railway time-tables 
of our own country, but not of Australia ; just as we study 
the local time-table in particular. 

If the mere rcrum coffnoscere causas is regarded as 
the criterium of science, history of Lamprecht's type of 
course is a science, for its explanations rest upon the 
demonstration of the typical coostellatious and of the 
elemental factor or law from which together the next con- 
stellations are known necessarily to follow. Bub history of 
this kind m not a science in the seiii?^ o^ discoveriug den • 
ruhmden Fol in d^r ^r$chHnunge^ Fl^*^^*- 



THE LOGIC OF HISTORY 



311 



HUHAK mSTORY NOT AN '* KVOLUTIOK " 

Quite another view of history has been maintained by 
Hegel, if his explanations about the Eniviicklung dcs 
objectiven Geistes (*' the development of the objective mind ") 
may be co-ordinated with our strictly logical categories of 
the possible aspects of history. But I believe we are 
entitled to say that it was a r^ evolution of mankind 
that Hegel was thinking of; an evolution regarding man- 
kind as spiritual beings and having an end, at least ideally. 
One psychical state was considered by Hegel to generate 
the next, not as a mere cumulation of elemental stages^ 
but in such a way that each of the states would represent 
an eleiuentality and an irreducibility in itself; and he 
assumed that there was a continuous series of such stages 
of the mind through the course of generations* Is them 
any sufficient reason in historical facts for such an 
assumption ? 

The mind "evolves" itself from error to truth by what 
might be called a system of contradictions, according to 
Hegel, with respect to logic as well as to morality; the 
sum of such contradictions becoming smaller and less 
complicated with every single step of this evolution. No 
doubt there really occurs a process of logical and moral 
refining, so to say, in the individual, and no doubt also, 
the results of this process, as far as attained, can be 
handed down to the next generation by the spoken word 
or by books. But it is by no means clear, I thitdc. that 
this process is of the type of a real evolution towards an 
end, so far as it relates to the acttml series of generations 
as such. On the contrary, it seems to me that we have 
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here simply what we meet everywhere in history — a sort 
of cumulation resting upon a psychological basis. 

The dissatisfaction that exists at any actual stage of 
contradiction, both nioml and logical, is one of the psych iail 
lectors concerned ; the faculty of reasoning is the other. 
Now it is a consequence of the reasoning faculty that the 
diaaatisfaction contiBually decreases, or at least changes id 
such a way that each partial result of the logical pi-ocess 
brings with it the statement of new problems* The 
number of such problems may become less, as the logical 
process advances, and, indeed, there is an ideal state, both 
logical and moral, in which there are no more probleinsj 
but only resultSi though this ideal could hartlly be regarded 
as attainable by the human mind. In the history of those 
sciences which arc wholly or chiefly of the a priori type, 
this process of deliverance from contradictions is most 
advantageoualy to be seen. It is obviouB in mechanics 
and thermodynamics, and the theory of matter is another 
very good instance. A certain result is reacheii: much 
neems to be gained, but suddenly another group of facts 
presents itself, which had been previously unknown or 
neglected. The first result has to be changed or enlarged ; 
many problems of the second order arisa ; there are con- 
tradictions among them, which disappear after a certain 
alteration of what was the first fundamental result, and so 
on. And the same is true about morality, though the 
difficulties are much greater here, as a clear and well- 
marked standard of measurement of what is good and 
what is bad, is wanting, or at least, is not conceded un- 
animously. But even here there is a consensus on some 
matters: one would hardly go back to slavery again, for 
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iD8tanee, and there are still other pointB in morality whieh 
are claimed as ideals at least by a great majority of moral 
thiokera. 

But all this is not true " evolution/' and indeed, I doubt 
if 8uch an evolution of mankind coiild Ije proved at present 
in the sense in which Hegel thought it possibla The 
procefis of logical and moral deliverance from contradictions 
might come to an end in one individual ; at least that is a 
logical possibility, or it might come to an end in, say. six 
or ten generationa And there is, unfortunately for man- 
kind, no guarantee that the result will not be lost again 
and have to be acquired a second time. All thia proves 
that what Hegel regarded as an evolution of the race 
is only a cumulation. There is nothing evolutionary 
relating to the generations of mankind as such. At least, 
nothing is proved about such an evolution^ 

You may call my view pessimistic, and indeed you may 

be right so far as the sum total of human beings as such 

is in question. But, be it pessimiatic or not, we are here 

moving on aeieutific ground only, and have merely to study 

the prohabllity or improbability of problematic facts, and 

with such a view in our mind, we are bound to say that a 

true logical and moral evolution of mankind is not at all 

supported by known facts. There is a process of logical 

and moral perfection, but this process is w>t one^ is not 

" single " in its actuality ; it is not connected with the one 

and ringle Hue of history, but only with a few generations 

each time it occurs, or even with one individual, at least 

^ On Moonnt of the limited size af tbe ««n]i « cerUiu finAl lUge of 
Ituiuim <;iv;HsiLt[oii tuight be expected m w future litnc ; but it would b« 
the six© of the eartli which determined thiB end, aad not the procew of 
civilisAtion itself. 
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ideally. And this process is not leas a process of cumulA- 
tion than any other sort of deyelopment or so-called 
*'progre8a" in history is. Philosophers of the Middle 
Ages, ID fact, sometimes regarded human history as ai*^ 
evolutionary unity, beginning with the Creation and ending 
with the Day of Judgment ; but every one must agree, I 
think, that even imder the dogmatic aesumptiona of 
orthodoxy history would by no means Tiecesmrily be an 
"evolution/' Even then the paths taken by different 
individuals or different branches of the human race on their 
way to redemption can he regarded as independent lines. 

Thus Hegel's conception of an evolution of mBokind, 
it seems to me, fails to stand criticism. By emphasising 
that there are certain lines of development in history which 
bring with them a stimulus to perfection , and that these 
lines relate to all that is highest in culture, Hegel certainly 
rendered the most important service to the theory of 
history ; but in spite of that he has revealed to us only a 
special and typical kind of cumulation process, and nothing 
like an evolution. We may my tbat the very essence 
of history lies in this sort of cumulation, in this " pseudo- 
evolution" as we might say; and if we like to bec4>me 
moral metaphysicians we might add, that it is for the 
sake of the possibility of this sort of cumulation that 
man lives his earthly life ; the Hindoos say so, indeed, and 
so do many Christians. But even if we were to depart 
from oar scientific basis in this way we should not get 
beyond the realm of cumulations. 

All this, of course, is not to be understood to affirm 
that there never mil be discovered any real evolutionary 
element in human history^ — in the so-called " subconscious ** 
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sphere perhaps — but at preaent we certainly are ignorant 
of Buch an element. 



THE FROBLIM OF TOT " 8IKGLR AS SOCIf 

If history has failed to appear as a true evolution, and 
if, on the other hand, it reveals to ub a great sum of 
different ctunulations, some of very great importance, others 
of minor importance, what then remains of the importance 
of the single historical event in its very singleness? 
What iuiportance can the description of this event have 
with regard to our scientific aims ? We could hardly 
reay at present that it appears to be of very much import- 
ance at all. The historical process as a whole has proved 
to be not a real elemental unit, as far as we know, and 
such elemental nnits as there are in it have proved to be 
of importance only for individual psychology but not as 
history. History haa offered us only instances of what 
every psychologist knew already from his own experience. 
or at least might have known if he had conceived his 
task in the widest possible spirit* 

But h no other way left by which true history might 
show its real importance in spite of all our former analysis ? 
Can history be saved perhaps to philosophical scieQce by 
any new sort of reasoning which we have not yet applied 
to it here. 

As a matter of fact, such new reasoning has been tried, 

and Eickert,^ in particular, has laid much stress upon the 

point that natural science have to do with generaliti^, 

while historical sciences have to do vnth. the single in its 

' /}%€ Grtnztn cfcr n^urwiaHntch(^iHchcn Begrifsbiidung, TiibiJigen and 
Lpipaig, 1W2* 
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mngleness only, and, in spite of that, ai'e of the highest 
philosophical impoi'tauce. He does not think very liighly 
of so-called " historical laws/' which must be mere 
borrovviagB from psychology or biology, applied to history 
proper, and not touching its character as *' history/' Wa 
agree with these statements to a considerable extent. But 
what then about *' history proper," what about ** the single 
in its very singleness ** I 

Let us say at first a few words about this term " single ' 
so very often applied by us. In the ultimate meaning of 
the word, of course, the series of actual sensations or *' pre- 
sentations ** is the " single " which is given " historically " 
to each invividual, and therefore to the writer of histoiy 
also, and in fact, history as understood by Bickert is based 
to a great extent upon this primordial meaning of mngle 
'' givenness.*' The word "single/' in his opinion, relates t^ 
the miual and true specification of any event, or group of 
events, at a given time and at a given locality in space, 
these events poeaeasing an identity of their own and never 
being repeated without change of identity. If the siibject- 
matter of history is defined like this, then there are, indeed, 
" Grenzen der naturwissenachaftlichen Begriflsbildung " with 
regard to history, for natural sciences have nothing to do 
with the single in such an understaudiBg of the word. 

Bickert says somewhere that history as a real evolution, 
as one totality of a higher order, would cease to be proper 
history : and he is right History, in fact, would soon lose 
the character of specific attachment to a given space and to 
a given time, and would lose its " non-repeatability/' in the 
logical sense at least, if it were one unit in reality ; as 
soon as it was that, it would have become a logical 
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generality, tiii element in aature, so to say, in spite of its 
factiml singularity. But hiatoiy is not obliged to become 
that, Eickart states ; and we niay add that history in fact 
cannot become that, because it simply proves not to be an 
evolution as far as we know at present. 

But what importance does Rickert attach to his history 
specified and non-repeatably single ? 

History has a logic of its own, he says ; the scheme 
of its logic is not the syllogism^ but the relation to " valuesJ* 
So far as the single historical facta can be related to values, 
they are of historical importance, and in such a way only 
does history in its proper sense become important in itself 
and through itself at the same time. Must histoiy always 
lose its historical aspect to become of importance to human 
knowledge ? That is the question we asked whilst con- 
sidering the general logical types of the " evolution *' and 
** cumulation " that arose out of the analysis of the 
historical Ikcts of problematic phylogeny. It now might 
seem that this question may lie answered, and that it may 
be answered by a cleai* and simple "No/' The history 
of mankind, aooording to Rickert, seems to be important 
in itself, and without borrowing from any other branch 
of study. But is his reasoning altogether cogent and 
convincing ? 

Has it really been able to attribute to history in the 
strictest sense such an importance for philosophy, for the 
theory of the universe, "fur die Weltanschauung" that 
history proper may in ftict be allowed to take its place 
beside science proper ? 

The relation to values is not to include any kind of 
*' Bewertung ** of judgment, Bickert allows* In fact, historj^ 
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of any Idjid would banUj fliitify tbe leado; if monU 
jodgment were its Ymm, £ti^ reader, of coarse, haft m 
mosal jndg^oent of bis owti, but, unfortiBWbdj, abncal 
enrery readat^tt judgment is different from hn mi^h0m^% 
utid there is no uniformity of moral prindplis as ttere 
Is of geometzieal one& We shall come back to this point. 
At present we only atate the £ict tfa^t indeed monl 
judgment can never be the foondation of histay, and cbai 
Rickert was very nght to say bo : it is enongli lo pal the 
names of Tolstoy and Nietzsche togetbe!r to nadesiiad 
how devoid of even the emalleet general validity wtittld be 
a history resting upon moral principles. 

But what then are the " values " of Bickert to which 
history has to relate, if moral values in their prop^^ sense 
have to be excluded ? It is here tbAt his didcussioiis 
begin to become ohacore and unsatisfactory, and tbe 
reason is fairly iutelligibla He is trying to prove tbe 
impossible ; he wants to put history beside science in its 
real philosophical importance, in spite of the faci that 
all evidence to establish this is wanting. 

These "^ues," to which every histarical act in its 
singularity has to be related in order to become an 
element of real history, are they after all nothing but tboad 
groups of the products of civilisation which in fact absorb 
the interest of men? Is it to groups of cultural 
phenomena, such as arts, science, the State, religion, war, 
economics, and so on, that *' historical " facts have to be 
related? Yes, as far as I understand our author, it is 
simply to these or other even l^s important groups of 
cultuml effects — cultural '* cumulations,'' to apply our term 
— that a single action of a man or a group of men 
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must bear some relation in order to become important 
hiBtoricolly, 

But what does that mean? Is the relation to 8uch 
*' values '* to be regarded as really rendering history eq^ual 
to the sdences of nature in philosophical importance ? 

In the first place, there is no more agreement about 
such " values " than there is in the field of morals. Imagine, 
for instance, a religious enthusiast or recluse writing 
history ! I fancy there would be very little mention of 
warriors and politicians: war and politics would not be 
** values " in an^ sense to such a man. And we know that 
tiiere are others to whom those products of civilised life 
rank amongst the first. Rickert well notes that there is 
one great objection to his doctrine — the character of 
universality ^ is wanting to his history, or rather to the 
values forming its basis ; for there cannot be, or at least 
there actually is not at present, a consensus omnium with 
regard to these "valuea" 

I am convinced that Rickert is right in his conception 
of real " history " as the knowledge of the single act6 of 
mankind. But this conception proves just the contrary 
of what Rickert hoped to prove; for history in this 
sense is moulded by the actual products of culture, that 
is^ by the effects which actually exist as groups of cultural 
processea, and it cannot be moulded by anything else ; 
the historian correlates history with what irUerests him 
personally. 

Here now we have met definitively the ambiguous 
word : history indeed is to end in " interest *' and in being 

' The word *' umveraality " to be andarBlood here in quite an un- 
ptetetitioua quasi-popular meomug, not ittrictly epiatemi^logically. 
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" mtereating,*' There is nothing like a real " value " in 
any sense underlying history j the word valm therefor© 
would better give place to the term " centre of intereat " — 
a collection of stamps may be such a " centre." History, 
then, as the knowledge of cultural eingularities, is " inter* 
eating/' and its aspects change with the interests of the 
person who writes history : there is no commonly aooepted 
foundation of history/ 

And it follows that history as regarded by Eickert can- 
not serve as the preliminary to philosophy. It may be * of 
use for personal edifleation or for practical life: granting 
that the " centres of interest '* as referred to are of any real 
ethical or at least factual importance. But you may take 
away from history even the greatest personalities, and your 
view of the universe, your philosophy, would remain the 
same, except of course so far as these personalities them- 
selves have cootTibuted to philosophy in any way. 

Now, on the other hand, it is worth noticing that, e^^eti 
if there were generally accepted "values" history as the 
doctrine of singularities would be deprived of philosophical 
importance. Its single cases would theo he merely imiances 
of certain types of actions and occurrenceB which have been 



) To avoid miatftk«B I wi^h to saj here most emph&tically tbmt, ncoordtitg 
to Etc k eft, the method of hbtory is reg&ideid as oam|ibtQly/r«r from sub- 
jectivity a« iWMJii AS its " values " are once tHablUhcd, But this cimnnol 
av&il to nAVQ the t theory. 

' This i^ a rather optimistic conception of "history/* Parson&lly^ I 
must confoss that even its emotioDal and pr^ttcal importance seems to me 
to he at least dliniukhed by the retaniing effects which &U sorta of 
** historical " considerations^m science as weU as In arts and in public life 
— carry with them. All real progress is non- historical— and Its ohampidiiA 
Almost always have become martyrs : this fact lieema not to recommeiiti 
history aa a meatia of education, except for persons of a very strong 
character* 
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proved to be ** valuable/' i.e. to be centres of intereatj before- 
hand. Eickert has observed that the relation to any judg- 
menta about moral values would render history nohistorical, 
for the generalities to which it is related would be the 
main thing in such a case. But he did not notice, as far aa 
I can see, that histoiy, if related to an^ " values " whatever 
— if there were any generally conceded— would becotoej 
" non-historical " just as well : for the generaliHes as ex- 
pressed in the '* values " would be the luain thing in this 
caa© also. In fact, there is no escape from the dilemma : 
— either no general centres of interest, and therefore a 
mere subjective " history'*; or general " values/* and there- 
fore history a mere collection of instances. 

The "limits of concepts in natural sciences" then are^ 
the same as the limits of inidleciual concepts in general. 
For iDtellectual, ie, logical, " values ** are the only centres of 
interest that can lay claim to universality* There are 
indeed other groups of important concepts, the ethical ones, 
but they are outside intellectuality and may enter philosophy 
only as problems, not as solutions. Therefore, history in 
its true sense, even if related to the ethical group of 
concepts^ has no bearing on philosophy* Philosophically 
it remains a sum of contingencies, in which certain laws 
of cumulation and certain series of cumulation may bol 
discovered. But these series and these laws, if taken 
scientifically, only offer us instances of psychological^ 
elementalities. They also might be instances of primary 
ethical states and relations, if tliere were such relations of 
more than a mere subjective and personal validity, which 
at present at least seems not to be the case. 
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phylogeiiy io general. We have dealt with it from quite 
a simple realistic point of view, not burdened by anyj^l 
epistemology. We have taken psychical states as realities,^^ 
just as we have taken as realities all parts of the animal 
body ; and it seems to me that we were entitled to do so, 
as it was only history about the actions of men we were 
dealing with, not their actions themselves* Next summer 
we shall begin with studying action as action, and then, in 
fact, a well-founded epistemology will be among our Hrst 
requirements. And history also will come on the scene 
once more. 

It is the main result of our last chapters, devoted t« 
syatematics, transformism, and human history in particiUar, 
that no conclusions really useful for further philosophical 
discussion can at present be gained from these topics; 
there either is too little actual knowledge, or there are only 
combinations of natural elementalities, but no elementalitiei 
of any new kind 

To sum up ; we expected that a rational system might 
be a biological result of the future, but we could not claim 
at all to possess such a system. We said that transformism 
might be proved one day to be a true evolution, governed 
by one immanent principle, which then would have to be 
regarded as a new primary factor in nature, but we did not 
know the least about that principle. 

Human history, on the other hand — that is, the only 
historical process concerned with life that is actually 
known to liave occurred — ^could not teach us anything of 
an elemental character, since human history, at pi^sent at 
least, did not appear to us as a true evolution, but only aa a 
sum of cumulations, and the singularities of this history, 
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